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Prestressed Concrete Trestle 
Saves Railroad Over *60,000 


To reduce weight and save materials, 
prestressed deck slabs were voided with 


amt Atlantic Coast Line Railroad trestle 
SO NOVO?D: carrying main line track over Sal- 
S. C., Chief Engineer: L. E. Bates, 

Designer: W. N. Downey, ACL Engi- 

FIBRE TUBES neer Bridges, Project Engineer 
G. S. Atkinson, Deck Slabs: Florida 

Prestressed Concrete Co, Piles: 

Hardaway Contracting Co 


Prestressed concrete piles and deck units 
were used in the construction of a new At- 
lantic Coast Line span in South Carolina. On 
this project, one of the first major prestressed 
concrete railroad trestles in the U.S., it was 
estimated that over $60,000 Was saved by 
choosing the prestressed units over conven- 
tional concrete construction. 


Each deck slab unit was voided with three 14” 
O. D. Sonovoip Fibre Tubes, which dis- 
placed low-working concrete and reduced 
slab weight without impairing structural 
strength. Such voided units require less con- 
crete and prestressing steel, are easier to 
handle and place, and the reduced dead load 
permits the use of smaller foundations and 
supporting members. For complete information, 

design tables, and prices, write 


Sonovoip Fibre Tubes are specifically de- 


signed to form voids in all types of cast-in- 

place or precast concrete construction — slabs, 

decks, and piles. They are economical, light- fl 
Construction Products ** 


weight, and can be quickly placed and tied 

down. Order Sonoco SoNovoiD Fibre Tubes 

from 2.25” to 36.9” O. D., in standard 18’ SONOCO PRODUCTS COMPANY, HARTSVILLE, S. C. 
lengths or as required. Easily sawed on the La Puente, Calif. « Fremont, Calif. « Montclair, N. J. © Akron, Indiana 


pe 1 . io « t. 
job. End closures available. Longview, Tones Aitents, Ohio Brantiord, Ox 
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Sinews of Stress-Relieved Strand 
for Bridge Members in New Mexico 


This photograph shows the manufac- 
ture of I-beam bridge members for the 
Lomas Interchange of the Coronado 
Freeway, at Albuquerque, New Mexico. 
The manufacturer, American-Marietta 
Company, Concrete Products Division, 
used Bethlehem 7%-in. Stress- Relieved 
Strand in making members from 61 ft 
to 75 ft long, to meet H-20-S16 loading. 

Bethlehem Stress-Relieved Strand is 
manufactured to ASTM Specification 
A416-59T. It has consistent, uniform 
mechanical properties—not only within 
each reel length but also from carload 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. \@ a 
Export Distributor: Bethlehem Steel Export Corporation \ 


BETHLEHEM STEEL 
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to carload. This uniformity of strand 
is due to Bethlehem’s control of the 
induction heat-treatment, in addition 
to other rigidly controlled manufac- 
turing processes. 

Bethlehem Stress-Relieved Strand is 
produced in an American mill by ex- 
perienced craftsmen, and is furnished 
in diameters to meet every construc- 
tion need. If you would like to have 
complete informa- 


tion, drop a line to a 
the nearest Bethle- 
hem sales office. / on 
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NOW... 


Every LACLEDE Multi-rib Reinforcing Bar 
is Marked to Show SIZE and STRENGTH.. 


ONE LINE 


MANUFACTURER 


33,000, 40,000, 50,000 psi 60,000 min. psi 75,000 min. psi 
ASTM (AT5) ASTM (A432)* ASTM (A431)* 


OS, 
5 


Standard high strength steels* permitting greater economy and efficiency in 
reinforced concrete design under the provisions of the new A.C.!. codes 

must be identified. Recognizing this need, each Laclede Multi-rib reinforcing 
bar can now be completely identified as to size, strength and origin through 
a new rolled-in marking system. This assures the designer, contractor, and 
code writer that the proper grade of reinforcement is used on the job. 


Demand these new time-saving Laclede bars for your next construction job. 


LACLEDE STEEL COMPANY 


SAINT LOUIS, MISSOURI s Producers of Steel for Industry and Construction 
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PONTECORVO CA 


NAL—Owner: Electric Company of Rome « Designing Engineer: Ing. Silvan 


gt 


Contractor: Farsura, both of Milan, Italy. 


Flexible concrete plates 
drape-shaped to line canal bed 
New technique uses prestressed POZZOLITH concrete 


The Pontecorvo Canal carries water five 
miles to this hydroelectric project owned by 
the Electric Co. of Rome, Italy. Because the 
canal crosses irregular terrain, running part- 
ly in fill and partly in cut, a flexible concrete 
lining able to adjust itself was specified. 

Inch-thick plates of prestressed concrete, 
four feet wide and up to 98 feet long, were 
used to line the paraboloid canal bed. A 
gantry crane gripped both ends of each 
precast plate, causing it to drape into a 
catenary curve when lifted. Placement and 
alignment of successive plates in the pre- 
pared mortar bed over the masonry base 
thus required a minimum of skilled labor. 
The joints were then sealed with non-shrink 
EMBECO® mortar. 

Concrete for this project had to be du- 
rable, impervious and economical. To help 
assure this performance PoZZOLITH was 


specified, because Ing. Silvano Zorzi’s pre- 
vious experience with it showed that 
PozzoLiTH makes good concrete better. 
Here, Pozzo.iTu in the mix reduced the total 
water content and improved all of concrete’s 
desirable qualities, giving less shrinkage, 
lower permeability and higher strength. 
Your local Master Builders field man will 
be glad to discuss your concrete require- 
ments with you, and show that PozzoLiTH 
concrete is higher in quality and more 
economical than plain concrete, or con- 
crete made with any other admixture. 


The Master Builders Company, Cleveland, Ohio 
Division of American-Marietta Company 

The Master Builders Company, Ltd., Toronto, Ont. 
Represented in foreign countries by: 

Master Builders International, Nassau, Bahamas 
Division of American- Marietta, C.A. 

Branch Offices in all principal cities. 


Our SOth Year 


ASTER 
POZZOLIT 


® 


*PozzoLiTH is a registered trademark of The Master Builders Co. for its concrete 
admixture to reduce water and control entrainment of air and rate of hardening. 


o Zorzi 


POZZOLITH makes good prestressed concrete better 
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For quality in product and service, specify 
CF.I Prestressed Strand and Wire “> 


Just as you'll see other CFal products in use 
wherever quality is the watchword, so you'll 
find CFal Prestressed Strand and Wire at lead- 
ing plants and construction sites across the 
nation. 


Concrete men know they can count on these 
prestressing products because they're backed 
by years of wire-drawing experience . . . made 
from right analysis steels . . . subjected to rigid 
quality controls at every stage of production. 
And, because of CF&l’s nation-wide system of 
plants and sales offices, plants and contractors 
know they can count on speedy delivery and 
engineering assistance whenever needed. 
Service to the concrete industry is one of the 
meanings behind our Corporate Image. 


@ CFal Prestressed Concrete Strand—for pre- 
tensioning of prestressed concrete structures. 
Made to ASTM A-416 specifications, this 
7-wire strand is stress relieved after strand- 
ing to improve its elastic properties and 
assure uniform, high-tensile strength. 


7845-A 


e CFal Prestressed Concrete Wire—for post- 
tensioned concrete structures. Made to 
ASTM A-421, this wire has excellent elastic 
and uniform mechanical properties. Easy to 
work with, it will lie flat and straight when 
uncoiled. Recommended for either Type BA 
(Button) or Type WA (Wedge) anchorage 
methods. 


Your nearest CFal office is ready to serve you. 
Ask for our new series of folders covering 
steel products for the concrete industry — 
W-202 (Strand), W-209 (Wire) and WWR- 
806 (Fabric). 


Other CFal Products for the 
Prestressed Concrete Industry 


CFal-Clinton Welded Wire Fabric ASTM 
A-185 ¢ CFal Concrete Reinforcing Bars and 
Rods ASTM A-15 ¢ CFal Wire for Concrete 
Reinforcement ASTM A-82 ¢ CFal Hard 
Drawn Prestressed Concrete Wire ASTM 
A-227 ¢ CFal Hard Drawn Prestressed Con- 
crete Wire for Redrawing ¢ Cal-Tie Wire ® 
Wickwire Rope and Slings 


PRESTRESSED CONCRETE STRAND AND WIRE 


THE COLORADO 


FUEL AND 


CORPORATION 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque * Amarillo 
Billings * Boise * Butte * Denver * El Paso * Farmington (N.M.) © Ft. Worth ¢ Houston 
Kansas City * Lincoln * Los Angeles * Oakland * Oklahoma City * Phoenix ¢ Portland 
Pueblo * Salt Lake City * San Francisco * San Leandro * Seattle * Spokane * Wichita 
In the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta * Boston ¢ Buffalo * Chicago 
Detroit * New Orleans * New York © Philadelphia 
STEEL CF&l OFFICE IN CANADA: Montreal * CANADIAN REPRESENTATIVES AT: Calgary * Edmonton 


Vancouver * Winnipeg 
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@ The structural frame of Louis I. 
Kahn’s new medical research building 
at the University of Pennsylvania is 
composed of more than a thousand pre- 
cast members, used with boldness and 
imagination. 

The huge factory-cast concrete mem- 
bers, mass-produced in four specially 
designed shapes, interlock to frame 
three 8-story research towers. Each 
floor consists of 47 members, forming 
a latticework of Vierendeel trusses, 
stepped spandrels and secondary truss- 
es, all supported on precast H-column 


AMERICA’S 
FIRST 
HIGH-EARLY 
STRENGTH 
PORTLAND 
CEMENT 
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Bold Adventure 
Precast 


LONE STAR CEMENT 


Example of the complex inter- 
locking. Vierendeel truss (a) 
and spandrel (b) rest on inside 
flange of H-column segment 
(c), with notched end of next 
H-segment (d) completing the 
assembly. 


segments. Lacing this assembly togeth- 
er are post-tensioned steel stressing 
rods threaded horizontally through the 
segmented main trusses. 

The fabricator, Atlantic Prestressed 
Concrete Company, precast the mem. 
bers with such precision that the towers 
are less than 3,” off their true theoret- 
ical point of elevation. 

‘Incor’® 24-hour cement was used 
exclusively for these skillfully precast 
members for rapid, economical produc- 
tion and uniformly high quality. 


CORPORATION 


100 Park Avenue, New York 17, N.Y. 


One of the world’s leading cement producers 


Offices in 17 major cities 
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QUALITY BRANDED, FULLY GUARANTEED 
PRESTRESS WIRE AND STRAND 


Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire an 
cable in the far east — established in 1897 — 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do — Kurt 
Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial 2quipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 


PRESTOESSED COMCRETE INSTITUTE 


Member of Prestressed Concrete Institute 
8 


Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-54T 
and ASTM 305 


Send for this 
booklet today 
Plus “How to Be 
At Home With 
Products Made 
Abroad”, the story 
of the Kurt Orban 
Company, Inc. 


URT ORBAN 


COMPANY, INC. 
34 Exchange Place, Jersey City 2, New Jersey 
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The number one choice 
for the pre-stressed 
industry! 


THE SMITH TURBINE MIXER 


The Smith Turbine Mixer—proved successful in over 100 
installations — is a compact, lightweight, vibrationless mixer 
that can be easily installed in your batching operation. 


If you’re building a new plant, use of the Smith Turbine 
permits lighter, lower, less expensive structures. 


If you’re converting an old plant, the Turbine can 
frequently be installed without extensive, major modifica- 
tions — in places where no other mixer will fit! 


Cycle time with The Smith Turbine is fast enough to charge 
up to 20 trucks an hour. What’s more, the Turbine can 
discharge in four different directions, allowing you to 
alternate wet and dry mixes — handle pre-stressed 
ready-mix, block, or pipe batches all in the same machine. 


Investigate the Smith Turbine. Write or call — we'll gladly 
tell you in detail how others are finding it the ideal way 
to beat competition while supplying higher-quality concrete. 


Making dollars and sense in over 100 successful installations! 


Since 1900, the pioneer designer and foremost 
manufacturer of the world’s finest mixers 


THE T.L. SMITH COMPANY 
Milwaukee 1, Wisconsin « Lufkin, Texas 
Affiliated with Essick Manufacturing Company, Los Angeles, Calif. 


A9-4073-A 
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Mr. Homer M. Hadley 
Consulting Engineer, 
Seattle, Washington 


GUEST EDITORIAL 


The great development and expansion in the use 
of prestressed concrete in the United States in the 
past decade has indeed been sensational. It was slow 
in coming but when finally it came, it came like a 
flood from a bursting dam, sweeping all before it. 
Now it is established by its proven worth and accom- 
plishments. 

One of the changes that prestressed concrete has 
brought about is its own substitution for poured-in- 
place concrete. For many uses the precast, pre- 
stressed members are so much more economical than 
the in situ alternate—shored, formed, reinforced, con- 
creted, finished, cured and finally stripped—that the 
latter lacks all excuse for being. Why laboriously 
and expensively do that which can be accomplished 
by another method with facility, dispatch and at a 
lesser cost? 

There is a further advance which should be made. 
at least in the field of bridges. This is the substitu- 
tion of precast slabs for poured-in-place roadway 
deck slabs. The handicap of weight from which all 
prestressed members suffer should be minimized by 
keeping beam sections to their irreducible least and 
precast slabs should span between them. Whether 
these slabs be merely precast or be precast and pre- 
stressed is to be determined by conditions prevailing. 
But there is no escaping the fact that field construc- 
tion is inherently more costly than that of the prod- 
ucts plant. Therefore to combine precast slabs with 
precast, prestressed beam stems and to reduce field 
construction to the assembling of precast units and 
to the pouring of connecting joints is to bring the 
making of bridges to its lowest and most economical 
terms. 
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JOURNAL in brief 


Engineering Feats with Post-Tensioning 


12 
Jean Muller 


A collection of European structures featuring unique applications of prestressing and 
ingenious methods of handling and erecting members. 


Cylindrical Hollow Prestressed Concrete Piles 
P. S. Heerema 


41 


The techniques used in fabrication and placing pretensioned piles up to 200 ft. 
long are discussed. The solution of problems concerning driving operations are also 
presented. 


2 and 3 Wire Strand for Prestressed Concrete 48 
R. O. Kasten 
With increased automation and the requirements of smaller sections the author re- 
, ports on the development of a 2 and 3 wire strand. 
D Neat Joints are Good Business 
7 Laurence Cazaly 
‘ A truly practcial approach to that spot of concentrated trouble, the joint. 
y 
d 
a 
Prestressing and Its Function in Architecture 60 
A. Kennerly 
1- Included are this outstanding architect’s views on the present uses of prestressed 
Wy concrete. Also an example of what he refers to as prestressed concrete s expressionism. 
i A series of questions are raised which represent the average architect’s approach to 
prestressed concrete. 
vy 
id 
er 
e- Behavior of prestressed Concrete Under Dynamic Loading 74 
6. P. W. Marshall and A. M. Ozell 
\C- This investigation covers a subject on which little has been reported. It was carried 
d- on with a rather unusual prestressed concrete member—a diving board. 
th 
‘Id 
4 Europe's Contribution to Imaginative Engineering 85 
Daniel C. Vandepitte 
Ca 


The techniques and advantages of employing exterior post-tensioned cables are dis- 
cussed. Various statically indeterminate structures are also described with accompany- 
ing detailed drawings and photographs. 
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Engineering Feats 
With Post Tensioning 


by Jean MULLER* 


Paris, France 


INTRODUCTION: 


The purpose of this paper is to review some notable 
long span structures recently completed in Europe and the 
French Commonwealth. Particular emphasis is placed on 
certain features which might be of special interest to the 
American Engineer and Contractor. 


CHAPTER |! 


Tancarville Bridge 

Europe’s longest suspension 
bridge was opened to traffic July 
1959 at Tancarville, near Le Havre, 


* Assistant Chief Engineer 
Entreprises CAMPENON BERNARD 
Special Consultant to the Freyssinet 
Company Inc., New York 


over the Seine River. Although the 
main span of 3150 ft. (clear center 
span of 2000 ft.) is of steel con- 
struction, prestressed concrete was 
used extensively on the overall struc- 
ture (see fig. 1). 

Because of the layout of the river 
banks in the vicinity of the bridge, 
the suspension span could rest di- 
rectly on the right bank cliff, in 
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spite of the 160 ft. clearance main- 
tained above the river. On the left 
bank, however, natural ground 
was only a few feet above the river 
level and a long approach viaduct 
was required. Prestressing was used 
in the following parts of this bridge: 
—Anchorage of the suspension ca- 

bles in right bank, 
—Counterweight of the suspension 

cables at left bank, 
—Approach viaduct 
1)—Right bank anchorage: 

As shown in fig. 2, this structure 
consists of: 
a)—Two concrete abutments pro- 
viding a support to the side span 
of the main bridge together with 
carrying saddles for the direction- 
al change of the suspension ca- 
bles. 
b)—Two reinforced concrete cham- 
bers for spreading of the 60 
individual strands (each made of 
109 x .185” dia. wires) of the two 
main cables. Total load of these 
is as follows: 17,600 short tons 
for loaded bridge with maximum 
temperature change and 12,500 
tons at time of adjustment. 
c)}-Two huge prestressed con- 
crete ties each 15 ft. high and 
12 ft. wide with an access gallery 
running most of the length. The 
prestressing force of 10,600 tons 
in each tie is provided by 120 
cables of 24 x 0.276 in. dia. wires. 
d)—A cross beam connects the bot- 
tom ends of the ties and provides 
an area such as to limit the bear- 
ing pressure on the soil to a maxi- 
mum of 6 tons per s.f. 


2)—Left bank box anchorage: 

This structure provides an anchor- 
age for the suspension cables of the 
main span, carries the roadway and 
receives the first span of the ap- 
proach viaduct (see fig. 3). It con- 
sists mainly of two vertical walls 
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about 150 ft. high connecied by the 
roadway slab and several transverse 
diaphragms. Each wall rests on a 
front concrete Freyssinet-type hinge 
and on a rear special bearing made 
of a shallow concrete rocker and 
two neoprene pads. The reaction of 

the suspension cables resolves with 

the dead weight of the structure 
and a concrete counterweight locat- 
ed at the rear into an inclined reac- 
tion transmitted to the foundation 
caissons by the front hinge. All mem- 
bers are post-tensioned. Analysis of 
the stresses in the main walls was 
made on a plastic scale model. The 
typical layout of the prestressing 

units in the wall is given in Fig. 4. 

3)—Approach viaduct (see fig. 5 

and 6). 

Eight 164 ft. spans carry the road- 
way over the left bank to the main 
span. There are five 140 ton girders, 
10 ft. deep in each span. All spans 
are simply supported and rest on 
hollow reinforced concrete cast in 
place piers. All girders were prefab- 
ricated in a yard located at the 
original ground level. Moving and 
lifting operations for one girder in- 
cluded (see Fig. 7 and 8): 

—The placing of girders on dollies, 
and their moving in two perpen- 
dicular directions to bring them 
to the foot of the supporting piers. 

—Hoisting the girder along the piers 
with special steel rigs as shown 
in (Fig. 9). 

—Placing the girder on top of the 
pier with rotating arm of the spe- 
cial rig (see Fig. 10). 

—Transverse displacement of the 
girder to its final position. 
Suspension of the girder at both 

ends was achieved by the means 
of special cantilevers so as to pro- 
vide for the highest factor of safety 
against lateral buckling during the 
lifting operations of such slender 
girders. 
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60 bridge cable strands 
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prestressing< 
“Prestressed concrete tie cables 
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Tronsverse~ 
anchor beam 


TaNCARVILLE 
Right Bank TuNNeL ANCHORAGE 


Section:A. 


Fig. 2 
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Fig. 3 
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During construction, a series of 
tests were carried out to determine 
the amount of friction of the pre- 
stressing units due to curvature and 
wobble effect. The following re- 
sults were consistently obtained: 


Greased 
Non with 
Greased Soluble 
Cables Oil 
Friction 
Coefficient 


in Curve f=0.22 f=0.18 
Wobble 


Coefficient K=0.001 K=0.0003 
per ft. per ft. 


As a result, theoretical elonga- 
tions were computed using the fol- 


lowing values: f = .20 and K = 
.0003. 


CHAPTER Ii 


Handling And Placing Long Span 
Precast Bridge Members 


Fig. 
1)—General: 


The approach spans of Tancar- 
ville Bridge are one of the many 
examples where precasting offers a 
decided advantage over cast-in 
place construction. However each 
large project warrants the use of 
special methods for handling pre- 
cast members. Important factors in 
selecting the proper precasting 
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scheme include the following: 
a)—Weight and length of precast 
units. 

b)—Number of units to be han- 

dled. 

c)—Special site conditions (such 

as bridge located over a naviga- 

ble channel or over dry ground). 
d)—Height of bridge above wa- 
ter or natural ground. 

e)—Possible location of precasting 

yard. 

Wherever practicable, the use of 
cranes or floating equipment pro- 
vides usually the best answer. This 
particular subject will not be cov- 
ered herein. In fact, this type of 
equipment as available in the U. S. 
includes probably higher capacity 
units than in other countries. Tampa 
Bay bridges and Lake Pontchartrain 
bridge may be mentioned as out- 
standing examples of the use of 
floating equipment. However, there 
are many instances where other 
methods must be used, because: 
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‘Fig. 17 


a)—Rental fees or write-off costs 
of operating one or two cranes 
are too high with regard to the 
advantages of precasting. 
b)—Ground or floating cranes can- 
not be used on account of exces- 
sive weight and/or failure of ac- 
cess. 

Two typical examples where spe- 
cial methods for handling and plac- 
ing precast units were used are giv- 
en hereafter. 


2)—Use of a steel gantry at BAMA- 
KO Bridge: 


This bridge was constructed over 
the Niger River in former French 
Equatorial Africa, comprising thir- 
ty spans 95 ft. long each consisting 
of four girders 6’-0 deep, weighing 
55 tons (see fig. 11). The river is 
barely navigable and subjected to 
important and sudden floods. Pre- 
cast girders were placed with a steel 
gantry shown in (fig. 12). This gantry 
is moved along the center line of 
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the structure from span to. span on 
carts travelling on rails. Concrete 
girders are placed according to the 
following step by step procedure 
(see fig. 13 through 16). 
a)—Roll girder from precasting 
yard onto finished section of 
bridge. 
b)—Pick-up girder with carts at 
each end and lower girder at 
finished level between girders of 
the previously placed span. Type 
A Cart (see fig. 17) is used for 
this purpose. 
c)—Move girder longitudinally 
with type B carts at both ends to 
bring it under the monorail of the 
steel gantry. 
d)—Switch front pick up point 
of girder from type B cart to 
front monorail dolly and continue 
longitudinal movement. 
e)—Switch rear pick up of girder 
from type B cart to monorail 
movement. 
f)—Skid girder transversely to 
final position. 


Interesting features of this method 
include the following: 


a)—The steel gantry is of triangu- 
lar shape and the bottom chord 
provides a monorail track for the 
lifting devices. 

b)—Type A cart may be turned 
into a type B cart easily and 
quickly. Furthermore, the same 
type of cart may be used for 
movements of the steel gantry. 
c)—All carts distribute the loads 
of the steel gantry and/or con- 
crete girders to the four girders 
of the previous spans. Relative 
girder spacing and width of top 
chord make it possible to lower 
moving girder between girders of 
the previous spans. (See fig. 18) 
d)—Transverse sliding of girder is 
a very simple, quick and inexpen- 
sive operation when using a wood- 


en skid as shown in (fig. 19). 
The steel gantry is approximately 
160 ft. long and weighs 22 tons. 


3)—Placing by the cantilever method 
at OUED DJER bridges. 


This project included the con- 
struction of 6 viaducts between Al- 
giers and Oran, Algeria, each con- 
sisting of a variable number of 
spans ranging between 100 and 123 
ft. The same cross section was used 
for all 140 girders (see fig. 20). 
These concrete girders with a max- 
imum weight of 72 tons were canti- 
levered out from a steel tower. The 
tendency to overturning is resisted 
by another girder placed behind the 
tower and acting as counter- 
weight. The assembly comprising 
both girders and the steel tower is 
rolled onto the finished section of 
the bridge until the front end of the 
girder reaches the next pier (see 
fig. 21). 

The girder is then picked up by 
two dollies in order to move it 
transversely to its final location. It 
is finally lowered into place by 
jacks and blocks attached to the 
dollies. The above method is used 
only for the first two girders in each 
span; the remaining girders are 
merely rolled over the previously 
placed girders and moved trans- 
versely by the same dollies. Placing 
the first two girders in one span re- 
quired the following operations: 

a)—Move girders from precasting 

yard on dollies over the preced- 
ing span. 

b)—Fasten girder to be placed 

to the tunnel dolly at rear end (so 

called because the girder passes 
through it), and to the front 
dolly at far end (a steel cantilever 
is provided for that purpose—see 

details in fig. 22). 

c)—Place steel tower (disconnected 

from tunnel dolly) and counter- 
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weight girder with strut between 
both girders. Place tie cables at 
both ends of girders and over 
steel tower. 

d)—Launching of girder. Both 
girders, the steel tower and its re- 
lated equipment are moved lon- 
gitudinally as one piece until the 
nose of the front girder reaches 
the center of the next pier. (fig. 
23 and 24) 

e)—Transverse displacement of 
girder; 

The front dolly is connected to 
a lateral track which is lowered 
onto the cap. The counterweight 
girder and the steel tower are 
backed up so as to clear the way 
of the tunnel dolly. 

Both dollies and the concrete gir- 
der are then moved transversely 
above its final position. 

f)—Placing girder. 

Both dollies are equipped with 
jacks permitting the girder to be 
lowered on the caps at the exact 
location. 
g)—Launching second girder. 

The procedure repeats itself 
exactly at the following exception. 
The front dolly is supported by 
the cap of the outward pier. The 
second girder is therefore launch- 
ed without a front dolly. The lat- 
ter is only used for transverse 
displacement. 
h)—Placing other girders. 

The first two girders are in 
place at the center of the span 
and are used as a bridge to carry 
the subsequent ones. Transverse 
movement and _ lowering into 
place make use of both tunnel 
dolly and front dolly. For a view 
of the completed structure (see 


fig. 25). 


4)—Survey of various problems con- 
nected to the handling and placing 
of precast girders. 
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TANCARVILLE, BAMAKO and 
OQUED DJER bridges exemplify 
various methods successfully used 
for placing long span prestressed 
concrete girders where prevailing 
conditions at the site did not permit 
the use of ground or floating cranes. 
Constant improvements are being 
brought about as more experience is 
gained in this field. In this respect, 
items of interest include: 

a)—The recent use of carts on 
rubber tires in lieu of dollies on 
tracks for carrying precast girders. 
b)—The substitution of hydraulic 
rams to winches in the monorail 
carts to lower girders into position. 
c)—The combination of a tower 
and tie cables with a monorail 
beam for very long spans instead 
of the more conventional steel 
gantry. 

Regardless of the methods used 
for handling precast elements, par- 
ticular care must be given to the 
elastic stability of members through- 
out the operations. Design must 
cover the following points: 

a)—Choice of cross-section: A 

hollow section (possibly made up 

of two separate girders connected 

together for handling) provides a 

very stable member against later- 

al buckling. However such a sec- 
tion can seldom be used on 
account of its excessive weight, 
and the unsymmetrical “I” beam 
is almost exclusively selected. Lat- 
eral stability depends principally 
upon the width of the top chord. 
b)—Means used for lifting girder. 
Devices used must be such as to 
avoid rotation of end _ sections; 
otherwise lateral buckling will 
occur much earlier. Whenever 
possible, the distance between 
pick up points should be chosen 
substantially smaller than the 
span length. Particular care must 
be given to the stress conditions 


PCI Journal 


“4 
i 
& 
7 
€ 
: 
i 
| 
vr 
> 
Vag 
= 


C1 Q3/A0OW BsasiH 40 


Gano 


34385005 


~ 
SITIOS 
Hevd wotussng 


MBIA BAIS ~ATIOG 


December, 1960 


4 

8 
| 
L? 
| | = 
| = 
Ak Lh | = 
ik 4 
HT 
a 
| 
t | 
| iz 
4 
if 
| 
| 
+ 
| 
fo 
27 


Fig. 23 


at mid span and at the sections 
of the pick up points. 
c)—Temporary bracings at sup- 
ports and connections between 
girders should be provided as 
soon as girders are placed over 
the supports. 

d)—Influence of wind loads and 
increase of lateral bending due to 


buckling tendency. The resistance 
of a beam to horizontal loads is 
greatly reduced for slender mem- 
bers on account of the interaction 
between lateral bending and lat- 
eral buckling. 
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CHAPTER Ill 


Some Other Notable Recent 
Bridge Structures 


1)—Bridges at ORLY Airports 


These bridges carry one aircraft 
runway, two taxiways and a parking 
area over the Paris-Riviera main 
highway which is located through- 
out the airport in a 25 ft. deep 
trench. Widths of these bridges 
along the highway are 1000 ft, 540 ft 
and 140 ft. Crosswise all bridges are 
of two unequal spans of 80 ft and 
55 ft respectively (see fig. 26 and 
27). 

Unusual or interesting problems 
connected with this project include: 

a)—Magnitude of live load: 

In addition to standard high- 
way loading, superstructure was 
to be designed for aircraft loading 
including a 240 ton plane with 
four - 27 ton closely spaced wheel 
loads and a 110 ton plane with 
50 ton wheel loads all with a 300 
psi tire pressure. 
b)—Design of deck: 

Because of the very heavy con- 
centrated loads, girders were con- 
nected with stiff diaphragms (two 
in the longer and one in the short- 
er span), on order to distribute 
the loads to several girders. 

Diaphragms were considered 
for design as beams on elastic 
foundation, the deflections of 
which are interrelated. For any 
loading arrangement these deflec- 
tions are the solution of a differ- 
ential equation of the twelfth 
order, which may be resolved in- 
to three separate equations of the 
fourth order. For a concentrated 
load applied over a given girder, 
the effect of the diaphragms is to 
distribute the loads to the three 
adjacent girders on each side. The 
maximum load supported by .the 

center girder is only 30% of the 
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applied load. 

c)—Combined use of prestressing 
tendons and untensioned hard 
grade deformed bars in both gird- 
ers and deck slab. 

d)—Extensive use of neoprene 
bearing pads under center col- 
umns and over abutments. Conse- 
quently all expansion joints could 
be avoided even for the 1000 ft. 
wide bridge. 

e)—Longitudinal prestressing units 
in deck slab were threaded 
through preformed holes in 
lengths up to 530 ft. and no diffi- 
culties were encountered in this 
operation. Figures 28 and 29 give 
two aspects of the completed 


bridges. 


2)—Saint-Michael Bridge at TOU- 
LOUSE: (Figures 30, 31 and 32). 


This bridge consists of five spans 
of 216 ft. each built over the Ga- 
ronne River. Total width of the 
structure is 88 ft. with a 60 ft. road- 
way. Each span is made of 10 pre- 
stressed concrete double-hinged 
frames spaced 8’-3” on centers (see 
figures 33 and 34). 

The old steel structure was used 
as a scaffolding for the new cast in 
place structure. The portal legs over 
each pier are cantilevered out on 
suspended forms tied to the existing 
masonry piers which were properly 
strengthened to resist the additional 
reactions. The corresponding con- 
struction procedure is outlined in 
fig. 35. 

In order to insure the continuity 
of the deck over the piers, all gird- 
ers are extended over the inclined 
portal legs with cantilever sections 
joined together at the center line of 
each pier. To reduce bending mo- 
ments and consequent deflections in 
these rather slender cantilevers, a 
special connection between two 
abutting members has been provid- 
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Fig. 28 


ed. Such a connection using a neo- 3)—Bridge at ABIDJAN, 
prene bearing makes it possible to — Coast: 
achieve continuity of the roadway 


Ivory 


without impairing thermal expan- 


The main structure is a double 
sion. 


decked, combined highway and rail- 
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way bridge 1220 ft. long. Conven- 
tional type structures are provided 
at both ends for access and include 
clover leaf grade separations. The 
piers for the main structure are 
placed 52 ft. om centers. Superstruc- 
ture for each of the eight spans 
consists of two tubular precast pre- 
stressed concrete beams weighing 
880 tons each (see fig. 36 and 37). 

The foundations are of unusual 
interest (see fig. 38). Average 
water depth is 33 ft. covering 50 to 
65 ft. of soft mud, 70 ft. of hard 
mud underlaid by sand containing 
thin beds of hard clay. Therefore 
over the center section of the main 
bridge, the load bearing strata are 
located at depths averaging 170 ft. 
Foundations consist of prestressed 
concrete caissons floated into place 


resting on circular 54 in dia. piles 
ranging in length between 110 and 
210 ft. with a maximum bearing ca- 
pacity of 650 tons. Each of these 
shafts is made up of circular con- 
crete pipe elements with a 4 in wall 
assembled together by post tension- 
ing. Boring of the holes housing 
these shafts was made according to 
the Benito process. These shafts pen- 
etrate about 50 ft. into the sand 
stratum and additional lateral sup- 
port is. provided on two-20 ft. 
sections by inflation with cement 
grout of an expanding sleeve against 


the surrounding soil. This procedure 
exemplifies another aspect of pre- 
stressing. The inside space was then 
filled with concrete so as to provide 
a solid section. 

The tubular bridge sections were 
precast on shore and moved into 
place on barges before the super- 
structure of the piers was complet- 
ed. Each element was then raised 
with hydraulic jacks, just above its 
final position, the piers were com- 
pleted and the girders lowered into 
place. The whole project involved 
handling of 25,000 tons of precast 
members. 
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SAINT MICHAEL BRIDGE AT TOULOUSE 
PARTIAL LONGITUDINAL SECTION 


Fig. 33 
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CHAPTER IV 
Unusual Recent Buildings 
1)—The Basilica at LOURDES: 


This underground church has a 
covered area of 130,000 sf. shaped 
as an oval 660 ft by 266 ft. (see fig. 
42). The prestressed concrete roof 
framework consists of 29 double- 
hinged frames laid out in a fishbone 
like pattern connected at the crown 
by a longitudinal diaphragm and 
near the supports by a peripheral 
sill. The structure is bounded by a 
retaining wall located next to a con- 
tinuous ambulatory 10 ft. wide. The 
center oval of 600 ft. py 200 ft. lo- 
cated inside the line of the arch 


hinges is thus free of all interme- 
diate supports. 

Each arch consists of two triangu- 
lar frame legs made up of a strut, 
a tie, and a curved shallow beam 
which extends beyond the supports 
to rest upon the retaining wall. The 
deck consists of thin arched slabs 
connecting the upper flanges of the 
frames. Figures 43 and 44 give the 
outline of the main structural mem- 
bers of the roof framing. 

Another unusual feature of the 
basilica is that the structure is en- 
tirely built upon river deposits with 
a water table located 10 ft. above 


Fig. 41 


the floor low point. The peripheral 
retaining wall which was designed 
for hydrostatic pressure consists of 
a continuous sheet pile curtain ex- 
tended downwards by a grout cut- 
off wall. The small residual infiltra- 
tion flow is permanently collected 
and pumped out to the river. Figures 
39, 40 and 41 represent the con- 
struction of the framing cast in place 
on rolling scaffolding, details of rein- 
forcement and prestressing units for 
one arch, and an underside view 
of the finished structure respective- 


ly. 


2)—C.N.1LT. Exhibit Hall at PARIS, 
France: 
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This structure is covered by the 
world’s largest dome roof with an 
area of 240,000 sf. and clear spans 
of 780 ft. All floors represent a total 
area of 720,000 sf. made up of fac- 
tory produced precast units. 

a)—Dome roof: 

Considerable care was given to 
the problem of buckling. Figure 
45 shows the general layout of the 
final design adopted for the dome 
which is shaped in plan view as 
an equilateral triangle. The dome 
consists of two slabs (only 2% in. 
thick at the crown) doubly 
curved, stiffened by vertical con- 
necting ribs such as to provide 
for a box section. All ribs converge 
towards the three apex’s of the 
triangle where a solid section is 
used for transfer of the thrust to 
the foundations. Between the cen- 
ter of the structure and the center 
of each of the three facia arches, 
three diaphragms take up the un- 
balanced thrust induced by the 
directional change of the inter- 
mediate arches at the middle. The 
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average thickness of the roof is 
less than 7”. 

b)—Prestressed concrete ties for 
the dome: 

They are designed to resist the 
3800 ton component of the thrust 
of the arches at each apex (see 
fig. 46). In order to clear the 
main floor in the center area of the 
hall, each tie is tapered down at 
both ends. At the point of direc- 
tional change, anchorage wells 
prevent any upward movement 
of the ties. 
c)—Floors: The center part of the 
floor at elevation 201 (see fig. 
48) is of prestressed concrete con- 
struction with an area of 124,000 
sf. without expansion joints. The 
network of beams is laid out in 
a triangular pattern with a 59 ft. 
column spacing in any direction. 
A double concrete deck connect- 
ed by vertical ribs (provided with 
access openings) gives a complete 
service floor beneath the entire 
exhibit area (see fig. 47). 

Placing and assembly by prestress- 
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ing of the entire floor at the job site |§ many organizations connected with 
ee ee the various structures who were gra- 
cious enough to furnish photographs 


The author wishes to thank the and information. 
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Cylindrical Hollow Prestressed Concrete Piles 


By P. S. HEEREMA 
Member of the Royal Institute of Engineers—The Hague, Holland 


Driving 200 ft. long prestressed concrete pile. 


GENERAL 


Lake Maracaibo in Western Vene- 
zuela covers some of the world’s 
largest oil reservoirs. Drilling is car- 
ried out from drilling barges and 
platforms that support the power 
and rotary units and derricks. These 
platforms in water up to 110 ft. 
depth, are supported by piles. Orig- 
inally steel piles and reinforced con- 
crete piles were used. The former 
ones are attacked by corrosion, the 
latter do not always stand up to 
the required hard driving and _ be- 
come very heavy for great lengths. 
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Lately hollow prestressed con- 
crete piles have entered the field. 
They are a natural for such deep 
foundations in aggressive water. A 
drilling platform was designed to be 
supported by 8 such cylindrical 
piles. The dimensions of these piles 
were, an outside diameter of 36 in., 
and a wall thickness 5 in. Lengths 
up to 200 ft. were cast in one piece. 
An ingenious and rapid soil investi- 
gation method measures the point 
and frictional resistance of the soil. 
This information is relayed by radio 
to the main office, where a soil me- 
chanics engineer decides on the pile 
lengths and issues orders to the yard 
for dispatching the proper piles. 
Various lengths, ready for use are 
kept in stock. 


FABRICATION 


Before deciding on the type of 
pile, our firm fabricated and tested 
square, rectangular, hexagonal, oc- 
tagonal and even H-shaped piles. 
The merits of post-tensioning and 
pretensioning systems were carefully 
evaluated. We finally decided on the- 
pretensioned monolithically cast, cy- 
lindrical hollow pile with a 36 in. 
O. D. 

In order to produce a pile of this: 
length with uniform density and 
concrete strength, extensive testing 
and research was necessary. This 
testing included the location of ex- 
terior vibrators determining their di- 
rection of impulse waves plus de- 
signing the mix and the pouring: 
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General view of casting beds. 


7? 


Prestressing the wires. 


\\ 


Wires prestressed, stirrups placed; 
note some field splices in the wires. 
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procedure. Numerous tests resulted 
in a mix that satisfied requirements 
for strength and durability. The mix 
contained 8% bags of cement per 
cubic yard and had a slump of % 
in. The relation between the quan- 
tities of sand and stone was | to 6.5, 
pozzolith No. 8 was also added for 
density. With natural curing this 
mix reaches a strength of 4,000 psi 
in 32 hours, after which the pre- 
stress force is transferred to the con- 
crete and the piles are removed 


from the casting bed. At 7 days 
the concrete strength averages 6,- 
800 psi and at 28 days, 8,000 psi. 
The strength tests were conducted 
on standard 6 in. by 12 in. cylinders. 

On casting beds, over 800 ft. long, 
high tensile strength steel wires 
were stressed in one operation by 
pulling an end bulkhead with two 
200 ton hydraulic jacks. The wires 
are of heat treated alloy steel, with 
oval cross section and ribs to im- 
prove bond. These wires can be 
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Prestressing the wires. 


General view of casting beds. 


| 


Wires prestressed, stirrups placed; 
note some field splices in the wires. 
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procedure. Numerous tests resulted 
in a mix that satisfied requirements 
for strength and durability. The mix 
contained 8% bags of cement per 
cubic yard and had a slump of % 
in. The relation between the quan- 
tities of sand and stone was | to 6.5, 
pozzolith No. 8 was also added for 
density. With natural curing this 
mix reaches a strength of 4,000 psi 
in 32 hours, after which the pre- 
stress force is transferred to the con- 
crete and the piles are removed 


from the casting bed. At 7 days 
the concrete strength averages 6,- 
800 psi and at 28 days, 8,000 psi. 
The strength tests were conducted 
on standard 6 in. by 12 in. cylinders. 

On casting beds, over 800 ft. long, 
high tensile strength steel wires 
were stressed in one operation by 
pulling an end bulkhead with two 
200 ton hydraulic jacks. The wires 
are of heat treated alloy steel, with 
oval cross section and ribs to im- 
prove bond. These wires can be 
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The revolving 60—T crane lifts a pile. 
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The pile being placed on the 
stockpile; note some flat points. 


A 600 Ton load test. 


The bending test on a 45 foot sec- 4 
tion of a 36 in. pile. 
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The floating piledriver hoists a 195 ft. pile 
on a 2-point lift. 


spliced with a Voigt machine (B.B. 
R.V. patent). The number of wires 
used per pile depends on the re- 
quired prestress force, which is 
mainly governed by the bending 
moments during handling. The 
stress is kept at 10% over the ini- 
tial design stress of 118,000 psi for 
10 minutes. The  yield/break- 
strength is 206,000/226,000 psi. 
Mild steel spiral stirrups are then 
placed, followed by steel outside 
forms and an inflated rubber tube, 
reinforced by steel sleeves, forms 
the hollow circular void. Exterior 
vibrators are placed at staggered 
5 foot intervals. This vibration com- 
bined with the compaction of the 
concrete produces a very dense con- 
crete in the bottom and sides of the 
pile. The top, however, needs addi- 
tional vibration, which is accom- 
plished by needle vibrators and by 
finishing with a floating vibrator. 
Test cores taken from all parts of 
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the pile section show little spread, 
and average 23% higher than the 
test cylinder. 


HANDLING AND DRIVING 

Piles are removed from the cast- 
ing bed by an overhead gantry 
crane with a 4 point pickup. They 
are then placed on railroad cars and 
transported to a 60 ton revolving 
crane that loads them on a stock- 
pile or on a barge. They next pro- 
ceed to the floating piledriver that 
hoists them using a 2-point lift. 

We use heavy single acting steam- 
hammers, with either a 16.5 or a 22 
ton ram, the stroke of which can be 
manually controlled between 6 in. 
and 4 ft. We feel that the relation 
between weight of ram and weight 
of pile should be at least 0.25. The 
higher this relation is, the better, as 
the pile can be driven to greater 
bearing capacity with less damage. 

After using a 16.5 ton ram for 
years, we recently acquired a steam- 


The Menck steamhammer with 16.5 T ram 


driving a pile. 
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200 ft. pile being moved to position. 
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200 ft. prestressed pile. 
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hammer with a 22 ton ram. It was 
especially designed and built for us 
by Messrs. Menck and Hambrock of 
Hamburg, Germany. This hammer is 
believed to be the heaviest and most 
powerful hammer in the world. It 
can deliver a 176,000 ft. Ib. blow at 
a 4 ft. stroke. It will be used on 
foundation work for the bridge over 
Lake Maracaibo where extremely 
hard driving is expected. 

Initially we drove the piles open- 
ended but abandoned this practice 
when it was found that longitudinal 
cracks appeared occasionally; we 
think this is caused by water ham- 
mer and internal pressure. Since 
then we drive closed-end, empty 
piles, and longitudinal cracks have 
not appeared any more. 

Occasionally fine horizontal cracks 
have been detected in piles with 
soft driving. We believe that exces- 
sive tension during soft driving with 
little point resistance, but appreci- 
able shaft friction, is mainly respon- 
sible for such cracks. These cracks 
do not go through the wall and do 
not admit water. Divers report the 
presence of exudate, and we believe 
they heal themselves. We take two 
steps to remedy this situation. 
First the stroke of the ram is con- 
trolled by hand and constantly ad- 
justed to driving conditions. Short 
strokes for soft driving and long 
strokes for hard driving. Second the 
design tension in the steel is kept so 
low that at the moment of driving 
it is below 103,000 psi or 50% of 
the yield limit. The steel is then still 
able to absorb the large tension 
waves caused by driving, before the 
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yield limit is reached, at which 
point horizontal cracks might ap- 
pear. With these precautions we 
have driven piles continuously for 
over three hours with the 15 T ram 
and a 39 in. stroke to a final resist- 
ance of 150 blows per foot, without 
damage to the pile head or shaft. 


TESTS 

Impermeability tests on a pile sec- 
tion with an internal water pressure 
of 170 psi left the concrete on the 
outside face dry. A bending test 
was also performed on a 45 foot 
section. The pile failed at 1600 foot 
kips. The first cracks appeared at 
910 foot kips. After unloading the 
pile the cracks closed at 660 foot 
kips. Even when the pile was un- 
loaded from 96° of the failure load, 
the cracks still disappeared. The 
concrete cylinder strength at the 
time of the bending test was 6500 
psi. With our present improved mix 
of 8000 psi the bending test would 
give even better results. 

Various pile load tests have been 
made periodically. One pile was 
loaded to 600 tons and had a gross 
settlement including elastic shorten- 
ing, of 1 inch. The net settlement 
after the load was removed was % 
in. Another pile loaded to 470 tons 
had a gross settlement of % in. and 
a net settlement of Me in. 


CONCLUSION 

With strict control of all phases 
of the fabrication, handling, and 
driving operations; prestressed con- 
crete piles of up to 200 ft. length can 
be used successfully for great bear- 
ing capacities. 
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2 and 3-Wire Strand 
For Prestressed Concrete 


By: R. O. Kasten 


Director of Research, Union Wire Rope 


Kansas City, Missouri 


7-wire strand, starting at size 
1/4 in. (9,000 ibs. minimum catalog 
strength) up to 1/2 in. (36,000 Ibs. 
minimum catalog strength), has 
been manufactured by most strand 
producers. For bridge beams and 
long double tee spans, 3/8 in., 7/16 
in., and 1/2 in. sizes have been the 
most popular. While during the ear- 
ly years of prestressed concrete con- 
siderable attention was focused on 
bridges, producers are now re-eval- 
uating their plant layouts for more 
efficient material handling. They are 
looking for a wider variety of prod- 
ucts to keep their plants operating 
continuously in order to have a re- 
spectable balance sheet at the end 
of the fiscal year. 

Material handling is a costly item 
and must be classed as a direct cost 
in the manufacture of prestressed 
concrete. Naturally, we immediately 
think more about assembly-line 
manufacturing practices, the very 
miracle that made America great by 
giving us more and better things or, 
perhaps we should say, raising our 
standard of living. The automotive 
industry is typical of what assembly- 
line production methods can do. 
Now, bow can such methods be 
incorporated into the manufacturing 
of prestressed concrete? 

Hollow core, machine extruded, 
flat slabs are being and have been 
manufactured for over five (5) 
years on nearly an assembly-line or 
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automated method with extrusion 
machines. In Figure 1 are shown 
cross-sections of 4 in., 6 in., and 8 in. 
hollow core, flat slabs. For uniform 
prestressing and camber control, a 
steel tendon or strand is required 
between each void space as one 
can see in Figure 1. In these slabs, 
between ten (10) and fourteen (14) 
strands are required for pre-tension- 
ing. The load the strands must carry, 
naturally, will vary according to the 
span and depth of the slab. It 
doesn’t take one long to make a few 
elementary stress analysis calcula- 
tions and learn that the present 7- 
wire strand tensile strength is far 
above the necessary requirements 
for hollow core flat slabs. Conse- 
quently, a new standard is being 
developed whereby tensioning ele- 
ments either in the 2 or 3-wire 
strand are available to the prestres- 
sed industry. It has been the policy 
of most strand producers to work 
closely with the prestressed concrete 
producers and to fulfill their needs 
as economically as possible, that is, 
give them a tensioning element that 
does exactly the job and not try 
to furnish a strand larger than nec- 
essary. With this policy, the 2 and 
3-wire strand, shown in Table 1, has 
been developed. Here are shown 
the sizes, description, minimum ten- 
sile strength, approximate area and 
weight per 1000 ft. The yield 
strength and ultimate elongation 
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Courtesy of West Allis Concrete Products Company, Milwaukee, Wisconsin. 
Description and Nominal Diameter | Weight Per | Approx. | Minimum 
1000’ in Area Strength 
Pounds Sq. In. Pounds 

2-Wire 13 Ga. (.092) 3/16” Dia. 47 .0133 3,500 
2-Wire 12 Ga. (.105) 7/32” Dia. 61 .0173 4,500 
2-Wire 11 Ga. (.120) 1/4” Dia. 79 .0226 5,900 
3-Wire 13 Ga. (.092) 3/16” Dia. 71 .0199 5,200 
3-Wire 12 Ga. (.105) 7/32” Dia. 92 .0260 6,700 
3-Wire 11 Ga. (.120) 1/4” Dia. 118 .0339 8,700 
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Figure 2—2 wire strand. 


Figure 3—3 wire strand. 


Figure 4—Tapered sleeve joint in 2-wire strand. 


Figure 5—Length of 2-wire .240” strand with joint. 
This joint develops the minimum catalog strength shown in Table 1. 
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will be approximately the same as 
shown in ASTM A 416-57T. Fig. 2 
and 3 are close-up pictures showing 
the 2 and 3-wire strand respectively. 

With longer pretensioning beds 
and more nearly automated opera- 


tions, prestressed concrete pro- 
ducers are requiring longer contin- 
uous lengths of strand for efficient 
operation. This presents a far more 
serious problem with 2 and 3-wire 
strand than with 7-wire strand. 
With 7-wire strand, closely control- 
led electric resistance butt welds are 
used very satisfactorily. However, 
in the 2 and 3-wire strand, welds 
are not usually permitted unless the 
strand develops the minimum 
strength requirements. That made 
necessary the development of a tap- 
ered sleeve joint which will develop 
100% of the minimum strength 
shown in Table 1 at the sleeved 
joint. Fig. 4 shows a tapered sleeve 
joint in a 2-wire strand, while Fig. 5 
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is a close-up view of a sample of 2- 
wire .240” strand which failed in 
tension at 6,010 Ibs., over 100 lbs. 
above the minimum strength. Also, 
you will be interested to know that 
the sample failed away from the 
joint. Almost any length of strand 
can be furnished with the limiting 
factors being the reel size and the 
equipment available at the prestres- 
sing yard. 

In Table 1 are shown three (3) 
sizes of 3-wire strand giving mini- 
mum strengths from 3,500 Ibs. to 
8,700 Ibs. to meet the customer's 
specific needs. Actually, 2 and 3- 
wire strand can be made in any 
size wire to meet the specific custo- 
mer requirements. Naturally, the 
volume must be sufficient to justify 
a production run. 

With the strand producer and the 
prestressed concrete manufacturer 
working together, prestressed con- 
crete will become a more economical 
and competitive product. 
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PROCEEDINGS PAPER 


Neat Joints Are Good Business 


by Laurence Cazaly* 
Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


Todays architecture places great 
importance on the structure. To ap- 
pear in a magazine a building must 
have a structural frame like a flower 
arrangement topped with well wrin- 
kled prunes or it must be an end- 
less repetition of the latest magic 
module. Fortunately we have many 
sources of theory to analyse the 
first, and manufacturers have made 
tremendous advances in cost, pro- 
duction and quality control, to re- 
main competitive in the second. 
Nevertheless, if designers are going 
to meet their estimates and contrac- 
tors their costs, they must recognize 
that half an arch improperly lifted 
may have higher stresses under its 
own weight than the complete struc- 
ture under live load. Also that while 
5 tons of concrete may leave the 
plant costing less than 1 ton of steel, 
wood, plastic or aluminum, from 
then on all the advantages are with 
the lighter material. Joint and erec- 
tion details are not for the junior 
draftsman. They should be given 
painstaking consideration by the 
top echelon of both designer and 
manufacturer. If a joint can be fab- 
ricated by a welder just going on 
vacation, placed in a mould by a 
carpenter with a linen tape, erected 
with the only piece of equipment 
within 50 miles on a rainy day by 
a man who has just quarrelled with 
his wife, and if the engineer pro- 
nounces it safe, the architect says 
it is beautiful and it did not cost 
you more than $5.00, rest assured 


*Consulting Engineer 
Toronto, Canada 
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that the design was a good one. 


Some Elementary Rules 
of Jointing 


Joints must:— 


a) Withstand building move- 
ments without breaking down. 

b) Absorb concentrations of stress 
and strain. 

c) Occupy the minimum space 
and present a neat appearance 
when exposed. 

For economic reasons they must 
be:— 

d) Safely formed by normal la- 
bour with no allowance for “off 
days.” 

e) Cheap to fabricate without ex- 
cessive carving of formwork. 

f) Capable of erection in all 
weather. 

g) Fast to erect without cranes 
and other trades. 

h) Able to take up a consider- 
able amount of tolerance. 

All joints should meet this check 
list. One family will be considered 
here. 


Joints of fabricated 
structural steel. 

Structural steel can be highly 
stressed in any direction, is conven- 
iently ductile, and fabrication tech- 
niques are well understood. Proper- 
ly used it can be a rugged and 
invisible connecting link between 
concrete parts. Too often this link 
is simply a weld plate and anchor 
bar or a many-splendoured thing 
of bolts and welds. In designing 
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Owner: City of Beverly Hills, Cal.; Architect: weiton 
Angeles, Cal.; Consulting Engineers: T. Y. Lin & As 


PLASTIMENT 
increases workability 
of lightweight 
concrete 


The five-story Beverly Hills Garage 
illustrated above, providing parking 
space for 400 cars, is a unique precast, 
= prestressed structure. Long spans of 75 
&§ feet eliminated columns in parking areas 
and use of lightweight aggregate mini- 
mized horizontal and vertical loading. 

Use of Plastiment Retarding Densifier 
increased the workability of the Ridge- 
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: Welton Becket & Associates, Los 
Associates, Van Nuys, Cal.; 


Lin 


lite lightweight concrete thereby assuring 
a smooth, clean appearance to the ex- 


posed concrete members. Using high 
early cement, strengths averaged over 
3,500 psi in 16 hours in the precast ele- 
ments. Slab concrete placed at the site 
reached 3,500 psi in 2 days. 28-day 
Strengths averaged 6,500 psi. 


Mix contained 7-1/2 bags of cement 


General Contractors: C. L. Peck, Los Angeles, Cal.; Ellis E. White Co., Los Angeles, 
Cal.; Precast Columns & T’s: Wailes Precast Concrete Corp., Sun Valley, Cal. 


per cubic yard and 2 fluid ounces of 
Plastiment per sack of cement. 

Plastiment features are detailed in 
Bulletin PCD-59. Ask for your copy. 
District offices and dealers in principal 
cities: affiliate manufacturing companies 
around the world. In Canada, Sika 
Chemical of Canada, Ltd.; in Latin 
America, Sika Panama, S. A. 


ICAL CORPORATION 
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steel joints start from first princi- 
ples:— 

i) Solid bar Fig. 1 (a) is good 
for shear and torque. 

ii) I Sections (a) and (b) in Fig. 
2 have some shear and torsional 
strength but (a) is much stronger 
in bending in a vertical plane. 

iii) Theoretically (a) and (b) in 
Fig. 3 can both develop full strength 
of the bar. However (b) is. still 
strong when badly welded because 
of the large weld area possible, 
while (a) is often pulled off easily. 

iv) Bolts with double nuts pro- 
vide tolerance in one direction. 
Bolts with washers in oversize holes 
provide tolerance in two directions 
but may slide unless torqued tight 
or welded. A combination of these 
two provides tolerance in three di- 
rections such as in a column base 
but such a combination will only 
resist a large force along the axis 
of the bolt. 

Welds can easily take up toler- 
ance in all directions but if the 
welder waits for the crane and the 
crane waits for the welder someone 
is losing money—fast. In very cold 
weather welding is difficult or im- 
possible. Welds leave scorch marks 
on concrete and require exposed 
steel plates which may lead to ex- 
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posed rust stains. This is, therefore, 
a versatile tool to be treated with 
caution and it is wise to design oth- 
er temporary connections and use 
welding to sew the job up tight. 
Important Note—ALL GENERAL 
CONTRACTORS NEED PLENTY 
OF TOLERANCE even when they 
will not admit it. 

v) Labour costs in N. America 
are high but do not assume that 
material is free. There is always a 
crossover point when three small 
fabricated parts cost less than one 
chunk of material. Until experience 
makes you sure, it is well to look 
for both alternatives. 

vi) Steel parts in concrete can 
work in two ways. They either take 
a load directly and distribute it to 
the concrete as in a prestressing an- 
chorage and plate, or they strength- 
en the concrete sufficiently for it to 
take the load directly as in the re- 
inforcement round an anchorage 
cone. The right choice can result 
in great savings in a frequently re- 
peated detail. 

These principles are not new, 
rather, they are so old that they 
are often forgotten. 

The joints described below are all 
obvious extensions of simple ideas 
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and yet they are far from being 
common practice. 


Typical Examples of 
Steel Connections 


Joist Hanger 


This has two parts, a hanger in 
the single tie and a seat in the top 
of the supporting beam. Two hang- 
ers and a seat cost $4.00 to $10.00 
depending on size of joist and load 
to be carried. The one shown here 
(Fig. 4) will carry about 8 Kips or 
) an 18 in. single tee with 500 lb/ft. 
over a 32 ft. span. The hanger sus- 
pends the unit like an open web 
steel joist. It also provides end and 
shear reinforcement and in light sin- 
gle tees no other reinforcing bars 
are used at all. It does not break 
into a length of standard mould. 
Welded to the beam seat it pro- 
vides lateral support. The beam 
seat binds the edge of the main 
beam to take the concentrated load 
. from the hanger. It makes a weld 
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plate for the hanger and again does 
not break up a standard mould 
since it fits flush. The combination 
can be recessed slightly for flush 
tops to beams and joists if required. 

In the field the combination erects 
with ease. The joist is swung into 
place and not one unit has been 
rejected or required adjustment in 
the many hundreds that have been 
used, (See Picture Page 56) 


Fabricated Base plate 


This plate (Fig. 5) replaces a 
solid 1-1/2 in. base plate generally 
used. The dowels are welded to 
vertical flats. The vertical flats dis- 
tribute the loads to wide spread 
bolts. Angles distribute in a comple- 
mentary direction. This unit is much 
lighter and stiffer than a solid plate 
and the material saving pays for 
fabrication. Lighter weight makes 
for easy fixing in the mould. 


Curtain Wall fixing 


For wall panel 


Overpize hole 
for tolerancz 


Mullion 
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FIG. 7 


This is the principle connection 
(Fig. 6) on the 43 storey Bank of 
Commerce Building in Montreal. 
The solid bar seat—like a joist hang- 
er upside down—allows pockets to 
be made with open tops. In front 
of columns, space is so restricted 
that an angle in the edge of the 
floor would block concrete placing 
if a pocket were not used. Thread- 
ed Nelson studs which locate the 
angle can also be used by the gen- 
eral contractor to locate the assem- 
bly in the floor. The angle which 

| is bolted to the mullion on the 
ground supports both mullion and 
wall panels. It takes all tolerance 
and after the mullions are aligned 
with a jig, the wall panels must fit. 
The tie down bar makes the solid 
bar capable of transmitting the 
weight of the wall back from the 
extreme edge of the floor slab. By 
putting the Nelson stud on the end 
the mullion angle is reduced to a 
minimum. 1-1/2 in. tolerance in all 

three directions is allowed and yet 

' the angle is only 5” x 3-1/2”. Note 

that if the fillets were removed the 

angle thickness would increase, the 
outstanding leg would be reduced 
and a 6” x 4” would be required 
instead of 5” x 3-1/2”. The increase 

of both thickness and leg size costs 
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more than the fillet. In addition, 
some of the joints are so tight that 
the panel would have to be recessed 
to accommodate the angle between 
the panel and the column. As it is, 
all joints, whether in front of col- 
umns or ducts, and no matter what 
the size of column or duct, require 
the same connection. The resulting 
simplicity in site administration is 
worth working for. 


An unusual Beam connection 
Mechanical engineers have a hab- 
it of buffaloing their way through 
the best of structures. In this case 
(Fig. 7) a large duct, two thirds 
of the depth of the beam, was re- 
quired immediately over the col- 
umn. A normal half joint in the 
beam was used on one side but the 
other contained a structural steel 
bracket buried in the concrete. 


A reinforced Column head 


The addition of a light frame 
(Fig. 8) protects the edges of a 
column head and prevents spalling 
when bearing pressures are high. 
It is cheaper and more reliable than 
a heavy bearing plate. 

It should be noted that in all 
these examples welding is used ei- 
ther before fabrication or after erec- 
tion is completed. Preferably the 
crane can put the piece down with 
adjustment by a follow up crew. 
Grouting is also avoided in highly 
repeated joints so that no change 
in technique is required from win- 
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ter to summer construction. 


Conclusion 


Design, as opposed to calculation, 
does not lend itself to rational an- 
alysis. It is always subject to the 
emotional selection of the designer. 
Two factors omitted from this study 
are the demands of local climate 
and the preferences of local manu- 
facturers for a certain technique. 
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Nevertheless, a search for the sim- 
plest connection with the fewest 
parts and for the lightest connec- 
tion with the smallest amount of 
material should yield a surprisingly 
economical blend of detail. 10% to 
20% savings on job costs can be 
made by good jointing. There is no 
phase in engineering where so great 
a reward can be obtained by so 
little effort. 
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PROCEEDINGS PAPER 


“Prestressing and Its Function in Architecture’ 


MR. A. KENNERLY* 


Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


As an architect in the midst of 
so many distinguished engineers, I 
hasten to assure you that my non- 
technical remarks are designed to 
encourage your group to provide us 
architects with ammunition—the am- 
munition we require to exploit to 
the ultimate this fantastic and po- 
tentially beautiful structural medi- 
um you call prestressed concrete. 

I firmly believe prestressing to be 
the most advanced construction ex- 
pression of this century. Therefore, 
I offer these frank and informal ob- 
servations because I believe them to 
be to our best mutual interests. 

Architects generally are a progres- 
sive breed. They welcome new 
ideas, products and methods, espe- 
cially those which contribute excite- 
ment and imagination to the solu- 
tions of their clients’ problems and 
needs. But, at the same time, the 
experienced architect is cautious in 
his approach to the unorthodox, and 
wants to know the answers to many 
questions before his full support can 
be enlisted. 

Apropos of this—now, I’ve talked 
to many architects and engineers, 
and, to a man, they are enthusiastic 
about the intriguing possibilities in- 
herent in shallow depth long span 
construction. But their enthusiasm 
sometimes begins to fade if annoy- 
ing details begin to make it diffi- 
cult to incorporate prestressing in 
the project at hand, whereupon they 
take refuge in the relative security 


Partner 
Skidmore, Owings and Merrill 
New York City 
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of steel and conventional concrete as 
time-tested structural expressions. 

As a matter of fact, until compar- 
atively recently, most architects’ 
awareness of prestressed concrete 
have been limited to its pure engi- 
neering aspects and its contributions 
to every construction. 

The sensational results accom- 
plished in this field have been so 
well publicized that almost every- 
one is familiar with the sleek long 
span bridges that have become a 
part of our super-highway program, 
and has learned to associate pre- 
stressing with water towers, stadium 
and convention halls. Yet I daresay 
that many of us do not realize that 
prestressing has already become a 
function of architecture in most 
parts of this country and has been 
used in a wide variety of building 
types from Maine to California. 

To illustrate this point, I should 
like to mention a few examples: 

In Seattle, Washington, a $12 mil- 
lion, 21-story office building in pre- 
stressed concrete, and a $3 million 
high school; 

In Cambridge, Massachusetts, a 
multi-story laboratory building. 

In Honolulu, Hawaii, a $40 mil- 
lion shopping center and office 
building complex; 

In Hempstead, Long Island, a 
multi-tier parking garage for Abra- 
ham & Straus; 

In Fort Lauderdale, Florida, a 
church and parish hall; 

In Alpena, Michigan, a Kroger 
Supermarket; 
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Near Chicago, Illinois, an admin- 
istration building and training cen- 
ter for United Airlines; 

In Springfield, Illinois, a high 
school auditorium, in which, inciden- 
tally, the engineers and construction 
forces utilized the prestressing jacks 
as hoists to load the huge post-ten- 
sioned girders in place; 

In Lister Hill, Alabama, a large 
basic aluminum plant for the Rey- 
nolds Metals Company; 

On the shores of New York’s Hud- 
son River, a vast new steamship 
pier, a terminal designed for the 
handling of both passengers and 
freight. This, however, is an excep- 
tional case in this town of ours be- 
cause the Department of Marine and 
Aviation, and not the Building De- 
partment, controls construction ac- 
tivities on the waterfront. We'll 
touch on this a little later. 

And in Los Angeles, even resi- 
dential construction is involved. 

These examples of your industry’s 
participation in building construc- 
tion are indicative of the ever-in- 
creasing role prestressing will have 
in architecture. They suggest that in 
a short time prestressing’s enormous 
contributions will bring it abreast of 
the conventional structure systems 
with which we have been working 
for so many decades. Also, it is grat- 
ifying to record that because of the 
increased energies of organizations, 
such as the PCI, this exciting twen- 
tieth-century building tool is devel- 
oping refinement and stature as a 
construction method, so that even- 
tually the architect will look to pre- 
stressing for his important projects 
with the same ease and confidence 
that go into selecting 2x4 studs for 
the small frame dwelling. 

It is apparent that much money 
is being invested in research. For 
instance, the University of Illinois 
and the University of California: all 
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have major research projects on the 
books. 

The multi-million dollar PCA 
Strength and Fire Testing Labora- 
tories in Skokie, Illinois are provid- 
ing data necessary for the ultimate 
and confident use of prestressed 
members and thin shell construction. 

And the science of prestressing is 
becoming a mandatory part of the 
curriculum in most engineering 
schools. As a matter of fact, in es- 
tablishing a new course in the sci- 
ence of building construction at 
Pratt Institute next fall, I intend 
to solicit the aid of this Institute to 
be sure that the field problems sur- 
rounding prestressed concrete fab- 
rication and erection are adequate- 
ly presented to the students. 

It would appear, at least on the 
surface, and judging from some of 
the most recent accomplishments in 
your field, that you have developed 
a structural technique that could 
place architecture on the threshold 
of a golden era of spatial concept. 
And I visualize that our joint efforts 
of the future will probably rival the 
grandeur and the scale of the an- 
cient monuments, in which were 
utilized, to the fullest extent, the 
engineering techniques available at 
that time. 

Which gets us back to our archi- 
tect friends: I have just recited a 
number of buildings that have util- 
ized prestressed concrete. And I 
have touched upon the research and 
the educational activity being con- 
ducted by the industry, and yet the 
intimation is clear that wholesale 
acceptance of prestressed concrete 
by the architectural profession still 
needs some well-directed spade- 
work, 

As mentioned earlier, there are 
specific conditions that must be sat- 
isfied, questions to be answered, 
practical considerations to be over- 
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come. 

In this talk, I would like to do 
three things. First, | would like to 
review some of the specific ques- 
tions about prestressing that occur 
to the average architect. 

Secondly, I would like to show 
by means of a few slides why we 
think prestressing is here to stay. 
And, finally, | would like to sug- 
gest a program of education and 
public relations directed to the ar- 
chitect and designed to promote the 
increased use of prestressed con- 
crete in architecture. 

For the first consideration, | think 
the following are typical of the ques- 
tions that are likely to be asked. 
Will prestressed structural sys- 
tems satisfy client need for flexibil- 
ity? If reference is made to unen- 
cumbered floor areas, the answer, of 
course, is “yes.” There can be no 
doubt as to the advantages of col- 
umn free interior space, which pro- 
vides complete flexibility in the 
planning or the re-planning of func- 
tional arrangements, whether they 
be office layouts or manufacturing 
facilities. 

This becomes one of the most tell- 
ing arguments in favor of prestress- 
ing and an advantage which any 
client is happy to adopt. However, 
flexibility suggests also physical 
change, such as expansion of facili- 
ties, either vertically or laterally, 
and very often this becomes impor- 
tant in the selection of the structur- 
al method. 

I do know that extensive work 
has been done in the development 
of structural connections, and it is 
probable that expansion can easily 
be provided for. However, if there 
are standards, it would make that 
task much easier. 

And another question: Can pre- 
stressed concrete be adapted to oth- 
er building essentials, such as me- 
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chanical equipment, air duct runs, 
piping, electrical lighting and power 
distribution? As a matter of com- 
mon sense, I would say that this 
type of accommodation is entirely 
possible, and even practical. We 
touched on this subject in designing 
the prestressed girders for Seattle's 
Norton Building, in which openings 
were cast—not over the columns, by 
the way—to allow the passage of 
various items of mechanical and 
electrical equipment, much the same 
as in steel framing. 

But, going a step further, in con- 
sidering the use of post-tensioned 
box girders for another project, we 
wondered whether these box gird- 
ers could not double in brass as air 
ducts. The idea was abandoned be- 
cause of difficulties at the connec- 
tion. But I’m sure that some way 
will be found to accomplish this type 
of thing. 

Could, for example, hollow pre- 
stressed floor slabs be adapted to 
radiant heating? Or could hollow 
prestressed exterior wall members, 
besides serving as girders, provide 
heating and also contribute insula- 
tion benefits? Perhaps your industry 
has a real bonanza in the making 
if the mechanical and the electrical 
engineers get into the act and aid 
in furthering your technical ap- 
proach to the science of building 
construction. 

Or an architect might ask: Will 
prestressed concrete satisfy the 
building codes to the extent that it 
doesn’t precipitate major campaigns 
to allow for its use? I understand 
that steady progress has been made 
in this direction, and that your or- 
ganization has waged an aggressive 
and continuous war against obsoles- 
cence in building codes where they 
affect prestressed construction. 

You had a tough fight in Chicago 
where, thanks to the unceasing ef- 
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forts of your people—and, incidental- 
ly, a handful of progressive archi- 
tects—the building department 
capitulated to the extent, as an- 
nounced just thirty-three days ago 
in the Chicago Daily Tribune, of al- 
lowing prestressing in that city for 
most types of construction. The City 
Building Commissioner’s acceptance 
was qualified, however, to exclude, 
and [I quote: “Industrial plants 
where there is more than the average 
risk of fire.” 

But on a broader scale, your work 
on a uniform building code is pro- 
ducing dividends, particularly in the 
far west areas of this country. 

This missionary work is most im- 
portant to your industry, especially 
when you consider statistics cover- 
ing building construction in, let's 
say, the New York area. In 1959, 
over two billion dollar’s worth of 
construction was committed in this 
area. And assuming that 20 per cent 
of this volume involved structural 
work, it is obvious that four hun- 
dred million dollar’s worth of busi- 
ness was enjoyed by the convention- 
al structural interests, but because 
of our local code restrictions against 
prestressing, your industry didn’t 
share a nickel’s worth of this activ- 
ity. 

And what’s just as bad, some 2,000 
registered architects in this area 
have been deprived of the oppor- 
tunity to experience the use of this 
marvelous structural technique. 

Furthermore, although prestress- 
ing is technically allowed in many 
major cities, there are several im- 
portant urban centers whose build- 
ing departments do not go out on 
the limb of blanket approval. These 
bodies issue permits based upon the 
shopworn phrase of “individual mer- 
its of the case.” 

Eventually, as your enlightening 
work proceeds, building permits— 
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excluding exceptional cases, of 
course—will not be based upon in- 
dividual merits, but upon recogni- 
tion of the sound engineering of- 
fered by the prestressed concrete 
industry. The sooner this becomes 
an accomplished fact, the better. 
For although the professional engi- 
neer and the architect can under- 
stand and cope with obsolescent 
codes, the layman client who is 
spending the dollars sometimes has 
disquieting feelings if his project 
doesn’t know the full blessing of the 
local building department. 

Another logical question: Will pre- 
stressing satisfy fire prevention cri- 
teria, and keep the insurance com- 
panies happy? A quick answer will 
produce a great big “yes” to this and, 
yet, Chicago’s recent capitulation 
refers to fire hazard. And this along 
with the bonding of reinforcement 
issue is behind the New York City 
Code resistance. 

The fire resistance testing being 
conducted in Skokie and other plac- 
es should soon provide the answers 
to these problems, the successful 
conclusion of which should go a long 
way toward establishing some sort 
of uniform reaction as to insurance 
rates and classifications. As it now 
stands, the insurance companies are 
lacking much of the information they 
require with which to establish rat- 
ings and, as in the case of the sev- 
eral building departments, judge 
each case on its individual merits. 

The architect asks: Does the use 
of prestressed members in system 
save construction time? It might be 
argued that shop fabrication is a 
time saver in any industry, and that 
in the case of prestressing shop 
methods can be and often are trans- 
ferred to the field, yielding an on- 
the-site dividend, particularly where 
there are shipping and delivery 
problems. 
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While other industries can boast 
a full shop fabrication, it seems to 
me that you have a real plus when 
prestressed units are designed to 
serve as building components—such 
as walls, floor and ceilings—so that 
once a unit is put into place, it will 
serve also as a finished surface. Sub- 
ject to correlation of mechanical and 
electrical appurtenances, this can 
effect real savings in construction 
time. 

Question—and this is another $64 
question: Is _ prestressed concrete 
economical for building construc- 
tion? It wouldn't be fair to say “yes” 
or “no” until the conditions have 
been qualified and analyzed. While 
it may be more expensive per square 
foot to produce a building with 70- 
foot spans and prestressed than to 
produce the same building in 20- 
foot spans using structural steel, the 
values accruing from the long span 
solution must be reckoned in terms 
of the total worth of the building 
to the client. Actually, the experi- 
ence record is still too brief to draw 
conclusive evidence, since geogra- 
phy and other influences should be 
taken into consideration. 

As an example, the Hawaiian shop- 
ping center referred to before would 
not be feasible in structural steel 
due to the high cost of shipping 
steel overseas and so steel, obvious- 
ly, was not in the picture; whereas, 
cost analysis is in order before one 
could select prestressed concrete in 
favor of structural steel in, say, Har- 
risburg, Pennsylvania. 

It is evident, however, that part 
of the important effort being expend- 
ed by your industry is devoted to 
finding ways and means to make 
prestressing palatable dollar-wise to 
building owners. 

The architect might ask: Does 
prestressing yield dividends in so 
far as precision work and quality of 


64 


workmanship are concerned? A 
strong affirmative is to be found in 
the adoption of factory methods, 
whether members are pretensioned 
and post-tensioned in the shop or 
in the field, since the basic methods 
of prestressing do not vary with lo- 
cation. It is evident that all archi- 
tects are deeply interested in the 
product that yields finely controlled 
surfaces on which develops the ulti- 
mate in efficiency and function from 
the compressive virtues of high- 
strength concrete. 

In fact, the handsome mainte- 
nance-free surfaces of prestressed 
concrete appeal to the practical in- 
stincts of the architect and his client. 

And now, a long-hair question: 
Does prestressing satisfy the aes- 
thetic in architecture? This is one 
question I feel can be answered as 
well by the architects as well as by 
the proponents seated in this audi- 
torium. 

It is my opinion that prestressing 
may have more architectural signi- 
ficance than you suspect. Because of 
this medium, the architects will have 
a tool that will enable them to pro- 
duce structures rivalling the stature 
and breathtaking scale of the an- 
cient great buildings. This will re- 
quire bold, broad, articulate plan- 
ning and close cooperation between 
engineers, manufacturers, contrac- 
tors and architects, coupled with an 
intense desire to be major league 
in the use of this technique. 

I sincerely do not expect that our 
profession will settle for only mini- 
mal uses of prestressed concrete, the 
creation of only nominal enclosures, 
and the indulgence of only unin- 
spired solutions. I fully expect our 
enlightened architects to seize upon 
this great facet of technology and 
produce significant architectural and 
engineering art forms. 

This approach has plenty of his- 
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torical precedent. The Greeks had 
only stone columns and lintels to 
work with, but they made the sys- 
tem noble in concept. The Byzan- 
tines and the Romans and the Goth- 
ic peoples learned how to put little 
stones together in arches and span 
space that would rival much of our 
present-day steel and_ reinforced 
concrete work. 

When you walk into St. Peter’s 
in Rome, your reaction has to be 
one of admiration for the builders 
who wouldn't settle for the mini- 


Fig. 1 
mum advantages of the engineering 
tools placed at their disposal. 

And thus in prestressed concrete, 
I think we, working together, have 
a potential threat to mediocrity in 
structural expression. Yes, the pre- 
stressed concept can and will pro- 
duce results of great aesthetic ap- 
peal. 

And, after all, part of our job as 
architects is to produce buildings 
that look good as well as being func- 
tional. If we can combine function 
with beauty and arrive at that hap- 
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py state through the use of a mate- 
rial that will serve both, we are 
nearing the ultimate in architectural 
thinking. 

We know that your product will 
lend itself to this end and, as your 
consumers, it is up to the architect, 
with your helpful guidance, to de- 
velop further the examples of imag- 
inative prestressed architectural ac- 
complishment, already a matter of 
record in France, Denmark and 
Russia. For, on first inspection, it 
would appear that as usual Europe 
with its cheap labor is miles ahead 
of this country in the use of pre- 
stressed concrete. This un- 
doubtedly true in the earlier days 
when its use in this country was not 
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encouraged by a construction indus- 
try that thrived on cheap steel and 
inertia. 

The Korean War, with its result- 
ant shortages of steel and an all- 
out superhighway program, provid- 
ed the springboard from which your 
industry has really taken off. So 
with your house in order, boasting 
sound financial status, committees 
working in many directions to im- 
prove the many aspects of prestress- 
ing, you are now ready to invade 
in a big way the building construc- 
tion field. 

With the cooperation of the pre- 
stressed concrete industry, I prom- 
ise you there is enough architectural 
talent in this country to produce a 
wave of prestressed architecture sec- 
ond to none in the world. 

I should like now, if I may, to 
show you some illustrations of the 
use of prestressing as it contributes 
to architectural expression and func- 
tion. And I would ask you to ob- 
serve these in the spirit of whether 
or not prestressing reads as the ba- 
sic structural element, rather than 
deciding whether they suit your own 
particular aesthetic taste. 

With the exception of the high 
school auditorium, which you will 
shortly see, these are some of the 
modest efforts which the office that 
I am associated with has produced. 

Figures 1, 2, and 3 show one of 
the bridges designed in connection 
with the Air Force Academy. The 
design of simple span bridges such 
as this can no longer be considered 
to be extraordinarily newsworthy, in 
so far as the prestressed interests are 
concerned. This in a way provided 
us as architects with a sort of basic 
training in the use of the material 
and, as you can see, the results are 
attractive and monumental in char- 
acter. In addition, these bridges pro- 
vided us with primary knowledge 
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of the problems inherent in the field 
handling of enormous structural 
shapes. 

Figures 4, 5, 6 and 7, illustrate 
the plans and elevations of an ad- 
ministration building which is cur- 
rently under construction for United 
Airlines, near O'Hare Field, Chica- 
go. This building, incidentally, was 
involved in the discussions between 
the Chicago Building Department 
and the prestressed concrete inter- 
ests. You will note from the plan 
that the 66-foot by 60-foot bays 
made possible by prestressing pro- 
duced nearly column-free interiors, 
and are a function of the building 
module that best suits United’s op- 
erations, whether the demand be 
for open pool space, private offices 
or meeting rooms. Incidentally, the 
area to the right—which is shown 
now as a cafeteria and kitchen com- 
plex in the floors above—is complete- 
ly wide open and is used by United 
as open pool area. 

The detailed wail section shown 
in figure 7 illustrates how the ex- 
terior wall has been set back from 
the exterior columns to reduce glare 
and provide permanent window 
washing and maintenance platforms. 
It illustrates, also, how completely 
free of the skin enclosures and of 
the other appurtenances the pre- 
stressed frame is. You will see in 
subsequent photographs that the 
whole structural aspect of the build- 
ing is expressed and that the frame 
itself has been subjugated to the 
structural elements of the building. 

Figures 5 and 6 are pictures of 
a model of the building, and the 
elevations are characteristic of the 
long low span construction offered 
by prestressing, and show immedi- 
ately that it is possible to have un- 
encumbered floor space without the 
cost penalty of excessive depths 
that conventional structural meth- 
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ods would require to offset bending 
and deflection. The framing mem- 
bers were all post-tensioned at the 
site. The architectural result is a 
long low, extremely graceful build- 
ing. 

Figure 8 is a plan and _ photo- 
graph of a typical floor in the 21- 
story Norton Building in Seattle, 
Washington. We were given a pro- 
gram by the owner which required 
as near 100 per cent rental area as 
possible. This was made economi- 
cally feasible by combining 70-foot 
prestressed concrete beams with 
steel column girder frame, so that 
the net result is a column-less inte- 
rior. 

Figure 9; a photograph of a pre- 
stressed girder being hoisted into 
place illustrates the method used 
for adapting prestressed beams for 
mechanical and electrical utility 
runs by creating openings in the 
webs of the beams. 

Figure 10 is a study in prestressed 
concrete for a convention hall that 
was to have been constructed on 
the West Coast. It never got beyond 
the drawing board stage, the West 
Coast interests having other ideas 
as to choice of materials. Taut as 
a drum, this thin shell roof and 
arena structure, 400 feet in diameter, 
shows the slimness, grace and long 
spans possible in prestressed con- 
crete. 

Figure 11 is a photograph of a 
146-foot prestressed girder being 
placed during the construction of a 
high school auditorium in Spring- 
field, Illinois. This illustrates one in- 
genious solution to the problem of 
erecting very large and heavy mem- 
bers, especially when there is some 
height involved. As you can see, the 
architect-engineer-contractor team 
combine their efforts to produce a 
structure that would lend itself as a 
hoisting tower. The power is sup- 
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Fig. 9 
plied by the prestressing jacks. 

As a result (fig. 12)—and this is 
the same auditorium—a handsome 
column design has emerged from 
the functional necessity and fits in 
aesthetically with the equally hand- 
some prestressed girders. 

The last project I will present 
represents exploration into rugged, 
honest, almost monumental expres- 
sionism, utilizing to the utmost the 
virtues of prestressed concrete. The 
floor plan (fig. 13), as you see, is 
disarmingly simple and features 70- 
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foot spans and 30-foot cantilevers, 
all of which would be deflection 
free. The beauty of the large open 
floor areas and the column-free ex- 
terior curtain walls is matched only 
by the exterior appearance, which 
can only be a product of prestressed 
design. 

The two elevations shown in fig- 
ure 14 indicate the varying char- 
acteristics of the structural system as 
expressed on the exterior. Because 
of the overhangs and cantilevers, 
the resultant play of light and shad- 
ow suggest some of the monumen- 
talism of the ancients. This is sug- 
gested in the enlargement of the 
elevations in fig. 15. It should be 
emphasized that—this is actually the 
same building—each figure contain- 
ing one side and one end elevation. 
Basically, this is a structure of pre- 
stressed box girders running longi- 
tudinally—70-foot on centers—and 
are surmounted by T-shaped pre- 
stressed beams which are 100 feet 
long, and which span the building 
and then cantilever beyond the end 
box girder. The beams being T- 
shaped, provide a surface for the 
floors and ceilings. 

In one view, we see the T-shaped 
beams in elevation and we see the 
ends of the girders, or the section of 
the girders, and we get one type of 
structural expression—very rugged 
and very simple. 

In the other elevation, we see ex- 
pressed the projection of all the T- 
shaped beams and their part in the 
light and shadow effect of the struc- 
ture. 

The main supporting members, as 
I said, are 5-foot square post-ten- 
sioned box girders upon which are 
supporting the T-shaped beams, 100 
feet long, and they are shown in the 
isometric diagram in fig. 16. 

The prospective sketch in fig. 17 
shows how powerfully and _ beauti- 
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fully the structure can be expressed. 
This is post and lintel architecture 
in its most modern form. Every one 
of the elements that you see there 
that have any strength in any di- 
mension, in any size, and which 
contribute to the chiaroscuro of a 
building are structural. There has 
been no attempt, nor would there 
be any attempt to try to conceal 
any of this structure. 

The examples you have just seen 
represent, we feel, a very modest 
prelude to the exciting architectur- 
al achievements to be developed 
using prestressing. None of these 
can be classified as flamboyant in 
the sense that the well-publicized 
Congress Hall of West Berlin is fa- 
mous, but they do set forth intri- 
guing solutions for the typical every- 
day problems which comprise 98 per 
cent of the average architectural 
problems in this country, and which, 
in turn, represent a comparable per- 
centage of the overall dollar volume. 

We are, therefore, anxious to con- 
tinue to produce inspired buildings 
within the limits, however, of func- 
tional and economic precepts that 
always must accompany any pro- 
gram leading to fine architecture. 

Earlier, I had used such words as 
“education” and “public relations.” 
I am very serious in suggesting to 
you that you establish a comprehen- 
sive program directed towards ac- 
quainting architects, designers and 
potential clients with the wonders 
of prestressed concrete, for I do feel 
that most of us have not been priv- 
ileged to fully understand its po- 
tential. 

This is understandable, since your 
growth has been so fast and so re- 
cent that first things have had to 
come first. But I remember in the 
thirties, when glass block first reared 
its ugly head. The architects, engi- 
neers, builders, owners, and _ profes- 
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sional schools were flooded with lit- 
terature, pictures and samples by 
the glass block interests. Architec- 
tural competitions were held for the 
design of homes, office buildings, in- 
stitution buildings, and a dozen oth- 
er categories. Distinguished juries 
made the judgments and prizes were 
awarded. The result: America was 
deluged with glass block architec- 
ture. Of course, the fact that this 
material is practically extinct today 
is quite beside the point. I have 
reason to believe that prestressing 
will always be with us. 

What I am suggesting is that you 
create a facility for bringing pre- 
stressing to the architect. I’m not in 
a position to tell you what that or- 
ganization or form of this informa- 
tion dispensing agency ought to be, 
but it shouldn't be too difficult to 
decide as an industry in what direc- 
tion your interests may lie and act 
accordingly. Maybe a few regional 
information centers might be in or- 
der where the dozens of questions, 


of which I have presented a few, 
might be answered. Or perhaps a 
committee governing news releases 
and non-technical brochure type in- 
formation might justify its existence. 

Perhaps it would be well to think 
seriously of architectural competi- 
tions. Arrange inspection and field 
trips for architects. These activities 
could be controlled by a select com- 
mittee on which at least one archi- 
tect could serve. 

It would be mutually advanta- 
geous to the prestressed industry 
and to the architects if no stone 
were left unturned in getting the 
message across to the architectural 
profession—from the students to the 
seasoned practitioners. For I am 
sure that your public relations peo- 
ple will agree that wide profession- 
al acceptance, based on knowledge 
of a technology such as yours, will 
pave the way on your behalf to easi- 
er relationships with building de- 
partments, insurance underwriters, 
and, God bless them, our long-suf- 
fering clients. 
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Behavior of Prestressed Concrete 


Very limited information is avail- 
able on the behavior of prestressed 
members under dynamic loading. 
Although many prestressed struc- 
tures or their component parts pres- 
ently in use, such as power poles, 
railroad ties, machinery supports 
and the like, are subjected to dy- 
namic and vibratory loading. 

Tests reported herein were under- 
taken to study the various character- 
istics of prestressed concrete under 
such conditions. The specimen used 
in this study was a diving board, 
designed and constructed by the 
civil engineering students at the 
University of Florida, which was 
tested under dynamic and _ static 
loads. To the authors’ knowledge, 
such a study is believed to be the 
first of its kind ever reported in the 
literature. 

The board was 20 in. wide, 2-5/8 
in. thick, tapering to 1 1/2 in., and 
16 ft. long. The free end had an 11- 
ft. cantilever. It was pretensioned 
with six 7/16-in. strands spaced at 
3 in. on centers and positioned 1 
in. from the top surface. Transverse 
reinforcing was accomplished by 
coat hanger wire spaced at 8 in. 

throughout. The concrete mix was 
designed for a 28-day strength of 
8,000 psi and had 7,140 psi cylinder 
strength at release at four days (§,- 
700 psi in 28 days). Concrete was 
internally vibrated and wet burlap 
cured until the stress release of the 
strands. 


(1) Graduate Student in Civil Engineer- 
ing, University of Florida, Gainesville, 
Florida. 

(2) Professor of Civil Engineering, Uni- 
versity of Florida, Gainesville, Florida. 
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Under Dynamic Loading 
By 
P. W. Marshall’ and A. M. Ozell? 


Figure 1 shows the construction 
layout of the diving board and 
Figure 2 the completed structure 
ready for testing. 


Dynamic Modulus from 
Natural Frequency 


The following discussion concerns 
the determination of the dynamic 
modulus, E, for the diving board in 
question. The natural frequency was 
determined manually by counting 
the number of cycles occurring 
within a timed interval. Several de- 
terminations were made, yielding an 
average frequency of 3.6 cycles/ 
sec. A mathematical solution of the 
diving board as a vibrating beam is 
necessary for the interpretation of 
these data. 

The basic differential equation for 
a vibrating beam is: 


where E = Young’s modulus 
I = moment of inertia 
y = deflection at any point 
x on the beam 
u=mass per unit length 
w=angular frequency of 
vibration = 27f, where 
f is frequency of com- 
plete cycle. 
The general solution to this equa- 
tion is: 
y = Ae** + Be—** + C cos 
ax + D sin ax 
uw" 
EI ° 
this form is quite cumbersome for 
other than the simplest uniform 
beams, a numerical procedure was 
used for the calculations in this dis- 
cussion. 
One numerical method of analysis 
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for the deflections is Stodola’s iter- 
ation procedure in which the total 
mass is divided into a finite number 
of concentrated masses with short 
sections of weightless beams con- 
necting them. Maximum correspon- 
dence between the actual and e- 
quivalent beams will occur when the 
number of segments is large but the 
difficulty of finding the solution in- 
creases. 

In this study 1-ft. segments of the 
diving board with measured values 
of section properties were used. A 
dynamic load distribution was esti- 
mated and the problem was solved 
statically for the resulting deflec- 
tion curve. This should be closer to 
the actual first mode vibration than 
the first assumption and with a new 
dynamic loading. 

W = uy (w)’, 

a better approximation of the actual 
deflection can be obtained. This 
process can be repeated until the 
desired degree of accuracy is ob- 
tained. For this study, three cycles 
of calculation were performed and 
a deflection curve related to unit 
deflection at the toe of the diving 
board was obtained. 

Now the total kinetic energy, 

L 
K,=%] u (2zfy)? dx, 
can be evaluated numerically from 
the calculated deflection curve and 
known section properties in terms of 
frequency f. Also, total potential 


energy, 
L 


d*y 

dx* 

can be evaluated from the deflec- 
tion and section properties, but in 
terms of E. Since all parts of the 
beam undergo simple harmonic 
motion, it is possible to equate the 
two kinds of energy and obtain an 
expression relating elastic modulus 
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K, =% 


to frequency. 

From this expression and the 
measured frequency of the prestres- 
sed concrete diving board a value 
for the dynamic elastic modulus of 
6.2 x 10° psi was calculated. Some 
of the calculations are shown in 
Figure 3. 


High Frequency Response 


In order to obtain more specitic 
data about the elastic properties of 
the diving board its amplitude re- 
sponse to various driving frequen- 
cies was obtained. Although studies 
with the primary mode of vibration 
would have been desirable from the 
standpoint of direct application to 
springboard characteristics, the lim- 
itations of available means forced 
the studies to be conducted with 
the second mode. The Lazan oscil- 
lator which was used would not run 
slowly enough to excite the first 
mode and manual driving tended 
to follow only the resonance fre- 
quency. 

The results of the high frequency 

studies are presented, in part, in 
Figure 4. Frequency was read from 
a tachometer attached to the oscil- 
lator but was relatively inaccurate. 
A stationary node formed about 2 
ft. from the toe of the diving board. 
Amplitudes measured at the toe 
and at 7 ft. from the toe showed 
very similar patterns for the second 
mode. 
The asymmetrical frequency re- 
sponse near the second mode sug- 
gests a “soft” nonlinear stress-strain 
relationship. The apparent discon- 
tinuity at the second mode indicates 
that the damping is quite light. 


Summary of Elastic Properties 


Values for the elastic modulus of 
the concrete used in the diving 
board were found to be: 
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Distance from Static Unit Vibrational A*y x 10° “Measured” 


Ax? 

Toe, ft Deflection Deflection (Vibrational) I, in.* 
0 1.000 1.000 0 7.3 
l 0.876 0.885 5 9.8 
2 0.756 0.773 li 14.1 
3 0.639 0.662 20 19.6 
4 0.527 0.553 30 33:7 
5 0.422 0.448 4] 26.2 
6 0.326 0.350 49 30.8 
7 0.238 0.258 56 35.6 
8 0.160 0.175 73 34.5 
9 0.092 0.102 98 31.2 

10 0.039 0.043 112 32.3 
ll 0.000 0.000 127 33.0 
12 —0.022 —0.024 117 28.8 
13 —().029 —0.032 81 312 
14 —0.025 —0.028 54 31.2 
15 —0.014 —0.016 28 29.8 
16 0.000 0.000 0 30.8 


L 
Kinetic energy: K, = % { u (2arfy)* Ax 


16 
g | u y "Ax = 132.2 in. *—lb. 


f = 3.6 /sec 
g =384 in. /sec 
K, = 87.5 in.—lb. 
L 
Potential energy: K, = sf EI ( SS )? Ax 


16 
A’y 


K, =14.12 x 10-° E in.—lb. 


E (dynamic =[412x10—* 6.2 x 10° psi 


Summary of Calculations for 
Dynamic Modulus 


Fig. 3 
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test cylinder = 4.4 x 10° psi 
staticload =6.0x 10* psi 
vibration = 6.2 x 10° psi. 
Since each of these values was ob- 
tained from a single determination, 
the reliability of any one value 
taken alone is questionable. How- 
ever, since the two values taken 
from the diving board itself were in 
general agreement, they may be 
used, with caution, in further studies 
of the dynamic behavior of this pre- 
stressed concrete member. 
Generally, the elastic properties 
of the board were nonlinear for 
both static and dynamic tests. For 
small-amplitude high-frequency vi- 
brations poor damping was noticed. 
In the dynamic studies to follow, 
stresses were calculated on the basis 
of observed deflections. For a 1-in. 
deflection the following stresses are 
induced under the stated  con- 
ditions: 
Initial Tangent to 
static load deflection 
first mode vibration 


=22.8 Kip.-in. 


=25.2 Kip.-in. 


The difference between these val- 
ues was caused by different shapes 
of the deflection curve. Approxi- 
mately a 10 per cent error will re- 
sult from the use of the static 
load-deflection curve for stress de- 
terminations. However, this method 
has the advantage that the data is 
available, and it is felt to be more 
reliable than the linear extrapolation 
of small deflection moduli to the 
large deflections encountered. 


Dynamic Behavior in Use 


It was noticed that the diving 
board’s action was tricky. A detailed 
study was made of its motion under 
operating conditions and_ several 
surprising results were obtained. 

A diver was asked to spring vig- 
orously from the board to excite the 
oscillations that would occur in use. 
The divers motion and that of the 
board were recorded by a 16-mm 
camera operating at 64 frames/sec. 
Because of the divers familiarity 
with the board he was able to main- 


(calculated ) tain the large steady-state ampli- 
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tudes studied. 

A time-and motion study projec- 
tor was used in the analysis of the 
films. The pictures were analyzed 
individually as projected on a rec- 
tangular grid. Vertical positions 
could be read to 0.1 in. Time con- 
trol came initially from assuming 
that the camera speed was accur- 
ately 64 frames/sec; however, ex- 
perience indicates that the camera 
speed varied. 

The data for a typical jumping 
cycle are shown in Figure 5. Time 
was plotted initially as frame num- 
ber, and vertical position as grid 
ordinant. The velocity and acceler- 
ation of the diver at various instants 
were obtained by successive numer- 
ical differentiation of the plotted 
deflections. Conversion of the results 
to conventional units gave the aver- 
age acceleration of the diver in 
free fall as 28.2 ft/sec*. This value 
becomes 32 ft/sec? if the true 
camera speed is taken as 69 frames / 
sec. The accelerations plotted in 
Figure 6 have been adjusted on this 
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basis; gravitational acceleration is 
taken as the standard. 
Discussion of the Results 

The deflections of the board show 
several interesting actions. While 
the diver is acting on the board, the 
toe deflects 7.0 in. below the static 
deflection of 0.7 in.; the magnitude 
of this deflection is considerably 
more than anticipated. The down- 
ward deflection of the toe takes 
0.26 sec., which time corresponds to 
a frequency of 1.9 cycles/sec. This 
slowing down is due to the com- 
bined effects of the divers mass 
and the nonlinearity of the stress- 
strain curve. 

While the diver is in midair the 
toe of the board oscillates with a 
fundamental frequency of 3.7 cycles 
/sec., and with a secondary mode 
of four times this frequency. Com- 
parison of the toe and the 6-ft.- 
point deflections shows that these 
two points are in phase for the 
fundamental mode but out of phase 
for the secondary mode. These two 
modes correspond to those studied 
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previously. The secondary mode 
could be definitely felt by a person 
standing on the board. The upward 
momentum of the board caused its 
fulcrum to leave its support for a 
short time, coinciding with a rein- 
forcement peak of the two vibra- 
tional modes. This combined motion 
gave the appearance of a wave 
traveling the length of the board 
and caused excitation of the cross- 
bracing in the supporting frame. 

Because of the large mass of the 
prestressed concrete diving board 
and its poor damping, it was neces- 
sary for the diver to coordinate his 
movements closely with those of the 
board. Notice that his cycle corre- 
sponds to two cycles of the board; 
he must manage to make contact 
with the board just as it starts down- 
ward. It the diver hits the board 
going the wrong way it acts as a 
massive club and jolts him to an 
abrupt stop. Coordination with the 
board while building up its ampli- 
tude is even more complex than 
maintaining a steady state. 

While it is realized that to a well- 
coordinated person the complex 
motions described above soon be- 
come instinctive, they do present a 
problem to one not familiar with 
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the unusual action of such a diving 


board. 


Observed Stresses 


For purposes of design it is impor- 
tant to know the nature of stresses 
induced in the structure under in- 
vestigation. For the diving board 
value for an impact factor of three 
was found to be in error. 

The total live load and impact de- 
flection was found to be 7.7 in. On 
the load-deflection curve this corre- 
sponds to a moment at the fulcrum 
of 96.0 kip-ft. Such a moment would 
be produced by an 800-Ib. load 
acting 1 ft from the toe of the board. 
Since the acceleration of the diver 
accounts for only 500 Ib. of this it 
must be concluded that the iner- 
tial mass of the board itself accounts 
for a large part of the stresses. An 
impact factor of 6.4 expresses the 
combined effects of the diver spring- 
ing on the board. 

The distribution of flexural stres- 
ses for various loading conditions is 
shown in Figurre 7. Dead load 
moment was calculated from the 
actual beam. Impact moments 
were based on test results. Mo- 
ments due to first mode vibration 
were based on mathematical analy- 
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sis and the load-deflection curve. 
Moments due to the second mode 
were based on measured deflections 
and a rough approximate analysis. 
The combined moments are some- 
what speculative and are based 
largely on qualitative observation of 
the diving board’s behavior. Never- 
theless, these diagrams give a better 
picture of stresses in the board than 
a single numerical value for maxi- 
mum moment at the fulcrum. 
Several features of the stress dis- 
tribution deserve particular notice. 
The D. L. + L. L. condition was 


critical for flexure at the fulcrum, 
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while combined D. L. plus vibration 
produced higher stresses near the 
end of the diving board. Stress 
reversal occurred to some degree 
everywere along the board but was 
most serious near midlength; an 
even larger reversed stress would 
have occured at the fulcrum had it 
been tied down. 
Static Tests 

The prestressed concrete diving 
board was subsequently tested to 
failure to check the actual ultimate 
strength with the calculated value. 
The loading was done by placing 
weights at the tip of the cantilever 
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span. Figure 8 shows the moment 
vs. deflection curve. The maximum 
deflection at failure was almost 23 
in. at the tip of the 11-ft. cantilever 
end—equivalent to a concentrated 
load of 1,300 lb. placed at the end 
of the diving board. The actual 
ultimate moment of 167 kip-in at 
failure compared well with the cal- 
culated ultimate moment of 162 kip- 
in, using rectangular stress block, 
the latter based on a maximum com- 
pressive strain of 0.0030 in./in (ob- 
tained from cylinder tests), f'. of 
9000 psi for concrete and yield 
strength of 250,000 psi for the 
strands (corresponding to 0.011 
in./in strain). 

Figure 9 shows the compressive fail- 
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ure of the board at the fulcrum. 


Conclusions 


The dynamic modulus of prestres- 
sed concrete undergoing small de- 
flections was found to be about 6.2 
x 10° psi. 

The impact factor was deter- 
mined as being nearly 7. Design 
loads suggested for similar spans are 
600 lb. for cracking and 2,000 Ib. 
for ultimate load applied 1 ft. from 
the toe of the board. 

From the observed behavior 
under dynamic and static testing of 
this diving board it is concluded 
that the mass of members subjected 
to similar loads has great effect 
upon their reactions to load. 


Fig. 9 
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Europe's Contribution 
To Imaginative Engineering 


by Daniel C. Vandepitte * 


Presented at the Prestressed Concrete Institute Convention 
New York City, September 28, 1960 


INTRODUCTION. 


It is the authors purpose to ex- 
pound a few ideas which have 
found their way into European en- 
gineering practice and to describe 
various structures in which they are 
embodied. He certainly does not 
want to imply that these techniques 
are exclusively European, let alone 
that they are unheard of in the 
United States. Some may also have 
cropped up in American practice, 
perhaps even before they did in 
Europe. Neither does the author sug- 
gest that these ideas can all be used 
economically in the United States 
with its different materials and la- 
bor costs. 

Most of the structures described 
as examples were built in Belgium. 
This fact is incidental and is not 
at all to be construed, of course, as 
a hint that Belgium should be re- 
garded as the main source of crea- 
tive engineering ideas. It is due 
simply to the author’s greater famil- 
iarity with what Belgian engineers 
have accomplished. 

The author is under the impres- 
sion that prestressed concrete in the 
United States overwhelmingly 
means precast, prestressed concrete. 
This is by no means so in Europe 
and it will be noted that the tech- 
niques which are to be discussed 
relate mainly to post-tensioned con- 
crete. The author also wants to state 


Professor 
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his belief that prestressing tech- 
niques are gradually growing more 
sedate and that they do not move 
forward any more with great leaps 
and bounds, as they did in the first 
feverish years of their existence. 


Statically Indeterminate Structures. 


One phenomenon worth noting is 
the constantly increasing importance 
of statically indeterminate structures. 
At the beginning of the prestress- 
ing era, almost all structures built 
were, quite understandably, statical- 
ly determinate. But continuity is 
now a feature of a great many pre- 
stressed structures. Although the cost 
differential between a continuous 
prestressed structure and its rein- 
forced concrete counterpart, is, in 
general, decidedly smaller than the 
one between a statically determinate 
prestressed structure and its rein- 
forced concrete counterpart, suppos- 
ing, of course, that such alternatives 
are feasible. 


External Cables. 


In Belgium, and also in Great 
Britain and Germany, many post- 
tensioned structures are prestressed 
by means of external cables or, more 
accurately, by means of cables that 
are not placed inside, but outside 
the web of I beams, or between the 
webs of box girders. 

External cables are polygonal. 
Changes of slope are achieved 
around one end of vertical stiffen- 
ers that are cast with the web or 
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around dowels that stick through 
the web. After tensioning, the ten- 
dons are embedded in mortar to pro- 
tect them against corrosion. The 
change of slope of the cables at 
any one point usually does not ex- 
ceed the changes of direction that 
occur in most anchorage systems. 
Since these are known not to de- 
crease measurably the _ tensile 
strength of the wires, no such de- 
crease occurs in polygonal external 
cables. 

Inspection of many external ca- 
bles has shown that the mortar sur- 
rounding them does not crack in 
spite of its shrinkage. This is due 
to the shrinkage and the creep of 
the prestressed concrete and to the 
high percentage of finely spread re- 
inforcement in the mortar. In Bel- 
gium, a mortar cover of 1.4 in. is 
normally placed on the wires in 
structures that must be fire resistant. 
According to Dutch and British tests 
this ensures a fire resistance of one 
hour. Greater fire resistance, when 
required, results of course from a 
thicker layer of protective mortar. 

If, except for the anchorages, no 
ties existed at all between the ten- 
dons and the web, the ultimate 
strength of the beam would be small- 
er than if the tendons were fully 
bonded to the concrete. But the ulti- 
mate strength of the beam is easily, 
cheaply and fully restored by the 
provision of a few connections be- 
tween the tendons and the web; for 
example in the form of pieces of 
thin reinforcing bars that stick 
through the web between the layers 
of wires, and are embedded in mor- 
tar together with the wires. Any 
connection, be it ever so slight, be- 
tween the tendons and the concrete 
web is sufficient to prevent lateral 
buckling of the latter due to the 
prestressing tendons being external. 
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External tendons afford several 
important advantages. They elimi- 
nate the ducts and all that goes 
with them: the cost and trouble of 
buying and installing them, the im- 
pediment to the concreting of the 
often thin web, the reduction of the 
shear strength of the web, sometimes 
the necessity of increasing the web 
thickness for concreting purposes 
even though the shear strength may 
not require such an increase, and 
last but not least, the grouting oper- 
ation. One can seldom be perfectly 
sure that grouting will leave no voids 
or pockets of water in the duct, 
especially when steel tubing is used, 
which prevents the dispersal of wa- 
ter through the concrete, and there 
is no easy way to ascertain their 
absence. The mortar covering ex- 
ternal cables, on the contrary, can 
easily be inspected, and removed 
and replaced locally if it should 
prove faulty. Furthermore, cracking 
of beams after grouting in winter, 
even several weeks after grouting, 
has occurred in many instances. This 
risk is eliminated by external cables. 

Tying precast blocks together to 
form prestressed beams can also be 
done more conveniently with exter- 
nal tendons. 

The author voices the opinion 
that external tendons solve many 
post-tensioning problems and _ that 
they can be used to advantage in 
a great many cases. Their use how- 
ever, is sometimes precluded by aes- 
thetic considerations. 

The Sainctelette Viaduct in Brus- 
sels (designed by Willems and 
Fougnies) provides one example of 
statically determinate members that 
are prestressed by external tendons. 
It consists of 50 almost identical, 
simply supported spans, most of 
them 81 ft. 6 in. long (fig. 1). Al- 
though the viaduct has a 30 ft. wide 
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roadway and a total width of nearly 
39 ft. (fig. 2), it rests on piers only 
8 ft. wide (fig. 3), made this nar- 
row for aesthetic reasons and also 
to leave more room for the tram- 
ways on the street level. 

The superstructure comprises a 
5 ft. deep box with sloping flanks 
and two cantilevering slabs. The 
eight polygonal prestressing tendons, 
some made up of 48 and others of 
56 0.276 in. wires, are installed in- 
side the box. The simple deviating 
devices (fig. 4) bear against trans- 
verse concrete diaphragms. 

The prestressed wires are encased 
in mortar inside the box girders. 
Ventilation of the interior of such 
girders is an absolute necessity. It 
is provided here by holes in the 
bottom slabs. 


Four bridges built across the 
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“Ringcanal” in the vicinity of Ghent 
are of the type shown in fig. 5 and 
6. The bridges also span two roads 
that follow the canal banks. The 
piers are comprised of footings 
which carry concrete rocker walls 
that are only 12 in. thick. 

The main carrying members of the 
roadway are continuous prestressed 
concrete beams. They were cast on 
falsework, successively the lower 
flange, the web and the roadway 
slab, with shear keys along the 
seams between them. There are two 
external tendons per beam, one on 
either side of the web. Each is com- 
posed of 104 wires of 0.276 in. diam- 
eter. The small rectangles shown in 
the cross-section (fig. 6) represent 
the mortar in which the tendons 
are embedded. 

Parking building in Brussels (Lip- 
ski). 
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Figure 7 shows the plan of a typi- 
cal floor of the main part of this 
building. The three rows of columns 
are spaced about 50 ft. apart, and 
the columns in each row are at 19 
ft. 8 in. intervals. The main beams 
are prestressed and extend trans- 
versely across the building. Togeth- 
er with the three columns they con- 
stitute a rigid frame (fig. 8). They 
support secondary reinforced con- 
crete beams at 16 ft. 8 in. intervals. 
Each main beam is made up of fac- 
tory-precast blocks, as shown in fig. 
8. There are eight sections to each 
span. The cross-section of the end 
block is rectangular, that of five oth- 
er blocks is I-shaped. Two special 
short blocks are provided at the in- 
tersections of the main and second- 
ary beams. 

After the concrete for the center 
columns was cast at least up to the 
level of the upper fiber of one of 
the main beams, the sixteen blocks 
composing this beam were aligned 
on a simple scaffolding. The end col- 
umns did not extend above the pre- 
ceding floor during this phase of the 
erection. The joints between the 
blocks and between the center col- 
umn and the two adjacent blocks 
were then grouted with cement mor- 
tar. Two prestressing tendons, each 
of twenty 0.276 in. wires, were then 
threaded, one on either side of the 
web, through the holes provided in 
the end blocks, the special blocks 
and the center column. After the 
grout in the joints had been allowed 
to harden for three or four days, the 
cables were tensioned, and an- 
chored at the ends in the usual way. 
The scaffolding was then removed, 
except for supports under the end 
blocks, and the tendons were em- 
bedded in mortar (fig. 8 sec. B). 

The concrete for the end columns, 
the secondary beams and the floor 
slab was then cast in forms. A slice 
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of the 4 in. thick slab extends across 
the upper flange of the main beam. 
The beam and the slab are tied to- 
gether by sloping stirrups. Continu- 
ity of the secondary beams over the 
main beam is achieved by means of 
reinforcement which protruded from 
the special blocks provided at their 
intersections. Continuity between 
the end columns and the main beam 
is achieved by means of reinforc- 
ing bars which are embedded par- 
tially in the column and _ partially 
in the floor slab. The total depth of 
the completed floor is slightly less 
than 2 ft., except in the vicinity of 
the columns, where the main beams 
are haunched. 

By this method, prestressing was 
combined with precasting for a 
structure that is practically monolith- 
ic and highly statically indetermi- 
nate in its final form. Continuity is a 
virtual necessity, of course, in the 
case of a multi-storey building. The 
erection procedure described was 
used mainly to avoid excessive bend- 
ing in the end columns. 


Methods of Achieving Continuity 
of Prefabricated Beams. 

Several methods have been de- 
vised to combine the advantages of 
the prefabrication not merely of con- 
crete blocks, but of complete pre- 
stressed beams, with those of con- 
tinuity. 

One method, which originated in 
France, consists of placing and tem- 
porarily supporting the prefabricat- 
ed prestressed beams between the 
supports (columns or main beams). 
Then the joints are grouted, and so- 
called “cap cables” are threaded 
through ducts provided in the inter- 
mediate supports and in the end 
parts of the prefabricated beams, 
and these cables are tensioned. 

Another method, which originat- 
ed in Belgium, is designed to elimi- 
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nate the risk of errors invelved in 
tensioning very short, curved cables 
and the anchoring of them by means 
of devices based on friction. It re- 
places the cap cables by straight 
0.8 in. or 1 in. diameter screwed 
rods. These bars have a _ breaking 
strength of about 170,000 Ib. per sq. 
in., and they are stressed up to 
about 92,000 Ib. per sq. in. and an- 
chored by means of nuts. In a fac- 
tory at Charleroi, beams about 50 
ft. long, were prestressed on the 
ground and then hoisted into posi- 
tion in rows of seven units each. 
These beams were thus transformed 
into continuous beams with a total 
length of about 350 ft. The inter- 
mediate supports are either columns 
or main beams supported by these 
columns. With either of the meth- 
ods described, the prefabricated 
members carry their own weight as 
simply supported beams, and all oth- 
er loads as continuous beams. The 
shear between the ends of the pre- 
fabricated beams and the supports 
is carried by the friction which is 
developed concurrently with the ten- 
sion in the cap cables or in the 
threaded bars. Both methods can, of 
course, be used for transforming col- 
umns and prefabricated beams into 
rigid frames as well as for making 
prefabricated beams continuous over 
intermediate supports. 

A less versatile method has been 
used in the construction of several 
bridges in the Netherlands. The end 
parts of the prefabricated beams are 
narrower than their upper flange is 
elsewhere, and they extend beyond 
the pier. By the stressing of trans- 
verse tendons the beams are tied 
together and friction forces them to 
deflect together, thus making them 
continuous over the pier. 

The three methods described can 
obviously be used to achieve con- 
tinuity on the site between prefab- 
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ricated members prestressed by pre- 
tensioning as well as between 
members prestressed by post-ten- 
sioning. 


Adjustments of Supports. 


Adjusting the external connections 
of a statically indeterminate struc- 
ture may lead in some cases to a 
more favorable distribution of the 
bending moments. For example, by 
pushing one leg of a_ two-hinged 
portal frame inwards, one can cause 
the dead load bending moment at 
the center of the span to vanish, if 
so desired, or to take any desired 
value. Such adjustments can be per- 
formed on steel or reinforced con- 
crete structures as well as on pre- 
stressed concrete structures, of 
course, but the idea derives from 
the same general concept as the 
principle of prestressing. In fact, ad- 
justment of the external connections 
of a structure does for the external 
forces acting on it what prestressing 
does for the internal forces. Adjust- 
ment of supports probably was first 
used in conjunction with prestress- 
ing in France. The flat jack, invent- 
ed by Freyssinet, can be a powerful 
tool in carrying out such an opera- 
tion. 

One important fact about such 
adjustments, when applied to con- 
crete structures, must not be over- 
looked. The stress distribution in an 
indeterminate structure does not de- 
pend on the modulus of elasticity 
of the concrete, if the supports do 
not move from the position they had 
while the structure was unstressed. 
Hence, creep of the concrete does 
not affect the stress distribution, pro- 
vided that the modulus of elasticity 
may be considered as a constant 
throughout the structure at any giv- 
en moment. This does not hold true 
when relative displacements of the 
supports occur, whether they be ac- 
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cidental or created intentionally. 
The bending moments produced by 
such displacements are proportion- 
al to the modulus of elasticity, and 
hence decrease as time goes by; 
they may fall off to less than half of 
their initial value; they decrease 
much more than the stresses creat- 
ed by prestressing tendons. The de- 
signer should either allow in the 
analysis for that large decrease, or, 
if he relies on the full value or al- 
most the full value of the additional 
bending moments in order to ensure 
a certain moment distribution, he 
should make provision for later re- 
adjustment of the supports, thereby 
allowing the builder to bring the 
external reactions up to their design 
value. 

Heusden Bridge (Lipski—fig. 9, 
10 and 11) 

The reactions of the superstruc- 
ture of this bridge on its end sup- 
ports are always directed upwards, 
whatever the position of the live 
load. Therefore, each end of the 
superstructure is connected, by 
means of prestressed concrete an- 
chors, to two reinforced concrete 
slabs, which are loaded with sand. 
Each anchor has a large reinforced 
concrete button at its upper end 
(fig. 11) and two flexurally weak 
sections, thus functioning as a mov- 
able support. 

After the tensioning of the cables 
in the superstructure and removal 
of the falsework, the pull in each 
anchor amounted to 35,000 Ib. An 
additional traction of about 30,000 
lb. was then created in each anchor 
by pushing down both ends of the 
roadway and by blocking them in 
their new position. This operation 
was designed to decrease the per- 
manent bending moment in the mid- 
dle portion of the center span. 

It remains possible to check at any 
time the magnitude of the pull in 
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the anchors, and to bring it back 
to its design value when necessary 
by increasing the thickness of the 
blocking between the anchor but- 
tons and the bottom of the recesses 
in the ends of the superstructure. 
Construction of Prestressed Concrete 
Bridges Without Falsework. 

Several large prestressed concrete 
bridges were built across rivers in 
Germany by gradually cantilevering 
out the superstructure from the piers 
or abutments. Falsework was thus 
done away with. This remarkable 
achievement enables _ prestressed 
concrete to encroach further on 
what could once be considered as 
the exclusive domain of structural 
steel. It was made possible by the 
development of prestressing tendons 
that can conveniently be made up 
of relatively short sections. 

Construction of the superstruc- 
ture starts from the abutments and, 
symmetrically, from the piers, if any. 
If the abutments are not strong 
enough to withstand overturning by 
the lengthening cantilevers, trestles 
are erected at some distance from 
the abutments to support the canti- 
levers temporarily. The superstruc- 
ture is constructed in sections 10 or 
12 ft. long. The prestressing tendons 
consist of screwed, high strength 
rods, that are as long as the sections 
of the deck structure and are spliced 
together by means of sleeve-nuts. 
A carriage that cantilevers out from 
and is supported by the last fin- 
ished section carries the shuttering 
for the next section. One more rod 
is added to each prestressing bar, 
save a few bars that may end at 
the finished section. The concrete 
for the new section of the super- 
structure is then poured. When it 
has acquired sufficient strength, it 
is tied to the preceding section by 
the tensioning of a few bars, which 
may either end there or be length- 
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ened again later into the next sec- 
tion. The carriage is then moved 
forward once more over the length 
of one section and the cycle is start- 
ed all over again. Some tendons are 
not stressed before the two canti- 
levers meet at or close to the center 
of the span. These unstressed bars 
are subsequently made continuous 
across the seam between the two 
cantilevers, which are then made 
continuous themselves by the ten- 
sioning of these bars. 

The load conditions existing dur- 
ing the successive construction stag- 
es influence the distribution of the 
prestressing steel to a large extent. 
For that reason, the total amount 
of steel to be provided usually ex- 
ceeds the amount required in the 
finished structure. It should be not- 
ed that the corresponding extra ex- 
penditure for this steel sometimes 
does not cancel out completely the 
saving on the scaffolding. 

Casting transverse diaphragms 
would be a nuisance when construc- 
tion is carried out by the cantilever 
method. Bridges built by this meth- 
od are therefore designed without 
such diaphragms. This is in keeping 
with a fairly general trend toward 
reduction of the number and possi- 
bly toward elimination of transverse 
diaphragms in the design of pre- 
stressed concrete deck bridges, even 
of bridges that are built on false- 
work. 

The Dischinger bridge in Berlin 
is one of the bridges that was built 
by the cantilever method. The main 
carrying system is a large frame 
supported by caisson foundations. 

Two box girders of variable depth, 
a slab joining them, and two canti- 
levering slabs make up the cross- 
section. There are no transverse dia- 
phragms in between the abutments. 
Prestressing steel is provided in the 
form of high strength rods of about 
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1 in. diameter. 

A 17 ft. long section of the super- 
structure adjoining each abutment 
was cast first on scaffolding. Con- 
struction then proceeded by the 
cantilever method in sections of 12 
ft. length. Equilibrium of the first 
five sections was insured by vertical 
tie bars stretched between the end 
of the superstructure and the cais- 
son. Trestles were then erected 
about 65 ft. from the abutments 
and served as temporary supports 
while construction of both halves of 
the superstructure continued simul- 
taneously until they met at the cen- 
ter of the span. On an average, five 
days were needed to complete a 
12 ft. long bridge section. 

Prestressed Concrete 
Suspension Bridges. 

The concept of the prestressed 
concrete suspension bridge was ex- 
plained at length in a paper pre- 
sented at the 1957 World Confer- 
ence on Prestressed Concrete in 
San Francisco. What was said there 
will not be repeated here. It may 
be recalled simply that a bridge of 
the type discussed here behaves 
structurally as a bridge which is 
prestressed by cables with a large 
eccentricity and also as a self-an- 
chored suspension bridge with con- 
crete instead of steel stiffening gir- 
ders. This type of bridge enables 
engineers to design economical high- 
way suspension bridges in the range 
of spans of, say, 200 to 350 or 400 
ft., that are too short for steel sus- 
pension bridges. On the other hand, 
the prestressed concrete suspension 
bridge also opens to prestressed con- 
crete the otherwise barely accessi- 
ble field of spans above, say, 400 ft. 
As the span length increases, the 
steel suspension bridge becomes its 
most direct competitor, to which it 
is greatly superior so far as rigidity 

is concerned. It is definitely feasible 
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technically and economically — to 
build prestressed concrete suspen- 
sion bridges of spans as long as 
1,600 ft. 

The elevation of the superstruc- 
ture of the Mariakerke bridge is re- 
produced in figure 12, and that of 
one pier and of the reinforced con- 
crete tower it supports, together 
with the cross-section of the sus- 
pended deck structure, is repro- 
duced in figure 13. It was conven- 
ient to cast the concrete for the 
superstructure of this bridge on scaf- 
folding, for the canal crossed by the 
bridge was not dug at the time of 
its construction. But a bridge of this 
type can also be built without false- 
work, high above deep water when 
necessary. 

The two main cables are parts of 
one endless strand, which loops 
around the two ends of the bridge 
deck. This skein was built up by 
the placing of the wires, unten- 
sioned, around the ends of the 
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bridge, in the cable bands and in 
the saddles, while the frames sup- 
porting the saddles were 28.3 in. 
below their design position. Pre- 
stressing of the entire superstructure 
was effected by pushing up alter- 
nately one tower and then the other 
with respect to the piers, until they 
reached their design elevation. The 
eight 300-ton jacks acting on each 
column exerted a total force of 4,- 
960,000 Ib. at the end of the opera- 
tion. A prestressing force of 12,340,- 
000 Ib. was thus produced in the 
deck structure. The economy of this 
type of bridge is due to the relative 
smallness of this force for a bridge 
of 328 ft. span and 60 ft. width, and 
to the slenderness of the deck. 

It may be mentioned, incidental- 
ly, that a concrete suspension bridge 
can be prestressed in other ways 
than the one chosen at Mariakerke, 
for instance by pulling on both ca- 
bles at one end of the bridge, thus 


copying the usual post-tensioning 
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Fig. 14 


procedure, or by casting the floor 
structure above its design elevation 
and by lowering it after the cables 
are installed, the towers being con- 
creted in their design position in 
either case. 

The Mariakerke bridge was sub- 
jected to a number of tests. One 
consisted in placing between the 
towers 29 vehicles with an aggre- 
gate weight of 1,600,000 Ib. This 
loading produced a maximum de- 
flection of 3.0 in., equal to 1/1,300 
of the span, and a maximum perma- 
nent deflection of 0.22 in. As shown 
by these figures and by the results 
of the other tests, the Mariakerke 
bridge possesses ample rigidity. 

Figures 14 and 15 show the fin- 
ished structure. 


Prestressed Concrete Shells. 


A considerable number of pre- 
stressed concrete shells were con- 
structed in Europe during the last 
decade, mainly in Great Britain, 
Germany and the Netherlands. But 
the author will describe only one 
shell structure, which was made up 
almost entirely of precast elements. 

Philips pavilion 

Among the many unusual struc- 
tures at the 1958 Brussels World’s 
Fair, one of the most daring, though 
not one of the largest, was the Phil- 
ips pavilion. 

Its maximum height was about 67 
ft. (fig. 16) and its maximum length, 
measured across its plan; was about 


90 ft. (fig. 17). The surface of the 
structure consisted of a number of 
hyperbolic paraboloids which inter- 
sected along straight lines. The geo- 
metrical surfaces were materialized 
by prestressed concrete shells com- 
posed of 2 in. thick precast slabs 
and their intersections were com- 
prised of prestressed cast in situs, 
circular concrete ribs 16 in. in diam- 
eter. 

It is quite impossible to analyse 
such a structure and therefore the 
working stresses in and the buckling 
strength of the shells were evaluat- 
ed by means of tests on models. The 
level of prestress in the structure 
was chosen so as to eliminate all 
tensile stresses. 

The pavilion rested on a pile-sup- 
ported reinforced concrete beam, 
which followed its contour. In the 
initial construction stages the lower 
edge of the shells was free to slide 
with respect to the foundation, lay- 
ers of bituminous paper being inter- 
posed to that end between the 
curved foundation beam and _ the 
rake-like edge beam of the shells 
(fig. 18). The teeth of the rake were 
tied, vertically only at first, to the 
foundation, to prevent possibly ex- 
cessive rotation of the edge of the 
thin walls due to imperfectly cen- 
tered prestressing forces or to bend- 
ing moments which disturbed the 
membrane state of stress in the 
shells. 
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The precast, 2 in. thick slabs were 

cast on sand forms (fig. 19). These 
forms were moulded simply by the 
help of strings which represented 
one family of generatrices of the 
hynerbolic paraboloid and slid along 
straight boards representing gener- 
atrices of the other set. The joints 
between the slabs also materialized 
generatrices and were therefore 
straight. No two slabs were identical. 

After the edge beam and the cyl- 
indrical ribs had been cast in situs 
and after some of the 0.354 in. diam- 
eter lubricated wires cast into the 
ribs had been tensioned, the slabs 
were erected on a scaffolding (fig. 
20 and 21) and the joints between 
them caulked with mortar. Prestress- 
ing was then started in the shells 
and gradually and simultaneously 
carried on in all the ribs and shells. 
The shells were prestressed by 
means of 0.276 in. wires strung 
against and tied to both the inside 
and the outside faces of the prefab- 
ricated slabs, their ends being at- 
tached to the ribs. Tensioning was 
carried out by means of a screw 
jack placed perpendicularly to the 
wires (fig. 22). As far as possible 
the wires were stretched along gen- 
eratrices of the hyperbolic parabo- 
loids. Thus there was no loss of stress 
in the wires through friction, and 
the wires would stay close to the wall 
even if they were not tied to it. 
The ties were, of course, still indis- 
pensable to safeguard the shells 
against buckling. 

The prestressing of the building 
caused slight displacements of the 
lower edge of the shells over the 
foundation beam. When all wires 
were tensioned, concrete was cast 
between the teeth of the rake-like 
edge beam and encased the mild 
steel bars projecting from the foun- 
dation (fig. 18). Further movements 
of the lower edge of the shells were 
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thereby prevented. Finally the scaf- 
folding was removed. The prestress- 
ing wires on the outside and inside 
faces of the building were painted, 
this protection against corrosion be- 
ing deemed adequate because of the 
temporary character of the pavilion. 
The author does not suggest that 
this structure was economical, but 
it did illustrate the remarkable 


strength of shells with double curva- 
ture and the versatility of the com- 
bination of precasting and prestress- 


ing. 


Fig. 22 
Proposed Footbridge. 


The author also wants to mention 
for the record a footbridge proposed 
for, but not actually constructed at 
the 1958 World’s Fair in Brussels. It 
would have been an expensive freak 
structure, such as are only built on 
the grounds of world’s fairs. Its deck, 
although spanning 130 ft., would not 
have been more than 6 in. thick. 


Miscellaneous Structures. 


Many more or less unusual appli- 
cations of the principle of prestress- 
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ing could be added to the foregoing 
examples, such as the prestressed 
foundations of the television tower 
in Stuttgart and of the Hermes 
Tower in Hannover, the prestressed 
tie members between the springings 
of the huge shell roof of the Exhibi- 
tion Palace in Paris, prestressed con- 
crete tie members and suspenders 
for bowstring bridges, prestressed 
concrete roof trusses built in Great 
Britain, prestressed tunnel linings, 
underpinning of mediaeval towers 
at Tournai, Belgium, and _pre- 


stressed suspended roofs, for exam- 
ple the roof of the Benjamin Frank- 


lin Hall in Berlin. The author does 
not enlarge upon these and many 
other topics here, partly because 
some of the applications of prestress- 
ing involved are rather obvious or 
relate only to a minor part of the 
structure, partly because some of 
the solutions adopted are not likely 
to be used frequently, partly be- 
cause some of the structures men- 
tioned are well known in the United 
States or are discussed in other pa- 
pers presented at the Convention, 
and finally because the present sur- 
vey can not possibly be complete. 
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Readers’ 


DISCUSSION 


“TENTATIVE RECOMMENDED PRACTICES FOR GROUTING 
POST-TENSIONED PRESTRESSED CONCRETE” 


By Ben C. Gerwick, Jr. 
President, Ben C. Gerwick Inc. 


Gentlemen: 


The Committee is to be highly 
commended for the excellence of 
their work which should fill a much 
needed void (no pun intended) in 
current American specifications. 

The following items are sugges- 
tions, or questions, from my limited 
experience and have probably been 
previously considered by the Com- 
mittee. 

Paragraph 103.4-“Aluminum powder 
:) should be added, etc.” Per- 
haps may would be a better word 
than should. My understanding is 
that aluminum powder is not uni- 
versally used in Europe nor in the 
United States. 

Paragraph 104.1(B)-Last sentence: 
“Metallic sheaths should be of a 
ferrous material.” We have used and 
specified galvanized sheaths (zinc), 
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and have heard that lead coated 
sheaths have been used to reduce 
friction. 

Paragraph 106(A)-I have never 
observed this sequence used in mix- 
ing, but presumably it represents an 
improvement developed by grouting 
specialists. 

Paragraph 106(D)-The water ce- 
ment ratio of 5% gallons per sack 
of cement looks too wet. I under- 
stand the best European practice 
calls for a W/C of .35 or .45 maxi- 
mum, which is somewhat lower than 
the 5% gallons per sack = .49. 
Paragraph 107(A)-I believe ducts 
should be flushed out with water 
and then blown clear with com- 
pressed air. If water is not used, 
then there is a possible problem of 
excessive absorption of water from 
the grout. If the flushing is not fol- 
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lowed by blowing clear with com- 
pressed air, then the chances of wa- 
ter being trapped are increased. 
Paragraph 108.2-Is the grout com- 
pressive strength of 2500 psi at sev- 
en days high enough? I think the 
grout strength should be the same 
as the specified concrete strength 
of the member itself. 

Paragraph 108.3-Typographical er- 
ror in titke—change “Trail” to “Trial”. 


Discussion by Grouting Commit- 
tee on Ben C. Gerwick, Jr. comments 
on “Tentative Recommended Prac- 
tices for Grouting Post-Tensioned 
Prestressed Concrete”. 


Paragraph 103.4-The word “should” 
has been used as it does not indi- 
cate that the requirement is manda- 
tory. Mr. Gerwick’s comment is 
probably correct that aluminum 
powder is not universally used in 
the United States. However, the 
committee feels that it should be 
universally used. 

Paragraph 104.1(B)-We agreed with 
Mr. Gerwick that the last sentence 
in this paragraph is _ incorrectly 
stated. A better sentence would 
be “Sheaths should be of a material 
which shall not deteriorate and 
which shall not react with any oth- 
er materials in the unit”. This is a 
change we would put in a later 
rewriting of the entire recommend- 
ed practices. 

Paragraph 106(A)-It is the opinion 
of the committee that the sequence 
of mixing as listed will prove to be 
the more satisfactory in the greater 
number of cases. 

Paragraph 106(D)-It is the opinion 
of the committee, particularly with 
long small diameter ducts in hot 
weather where the ducts are cored 
rather than formed by tubing, that 
a water cement ratio of 5% gallons 
per sack will be required. Other 
parts of the specifications place 
maximum limits on shrinkage and 
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minimum limits on strength. We 
feel that with these limitations a 
proper grout will be made. 
Paragraph 107(A)-We have not 
specified that the ducts shall be 
flushed with water. This was omit- 
ted as the experience of various 
members of the committee indicat- 
ed that where ducts are formed of 
a water tight material it is not nec- 
essary that the duct walls be wetted 
prior to grouting. We also have not 
specified that if the ducts are 
flushed that they shall be blown 
out with compressed air. There is 
considerable evidence, including 
demonstration tests made with clear 
plastic ducts, that better grouting 
may be done if the grout is pushing 
water ahead during the injection 
process. This point is controversial 
and we were unable to determine 
enough conclusive evidence to indi- 
cate that the water either should 
or should not be blown out prior to 
grouting. 

Paragraph 108.2-The committee’s 
opinion was that where long small 
diameter ducts are in use that a 
grouting with a compressive strength 
of 2500 PSI may be the most that 
can be obtained. It is our opinion 
that a grout which does not shrink 
is of greater importance than one 
of high strength. The main purposes 
of the grout are, of course, to devel- 
op bond and to prohibit corrosion 
of the steel. Tests indicate that a 
2500 PSI strength is satisfactory for 
bond. The use of aluminum powder 
is necessary to counteract shrinkage. 
This reduces compressive strength 
somewhat in the same proportion as 
does the use of other air entraining 
agents. We feel that the use of alu- 
minum powder to reduce the shrink- 
age outweighs resulting reduction 
in strength. 

Paragraph 108.3-The typographical 
error should be changed. 
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PRESTRESSED CONCRETE INSTITUTE 


APPLICATION FOR MEMBERSHIP IN THE PRESTRESSED CONCRETE INSTITUTE 


(A non-profit corporation) 


| am applying for membership in the classification checked: 
ACTIVE (producer). 


Engaged in the following types of prestressing: 


___Post-tensioning 


ACTIVE MEMBERSHIP DUES (annually) 
___Pretensioning 


Based on Annual Prestress Business 
___Combination of both 


$250 for $ 100,000 or less $650 for $1,500,001 to $2,000,000 

350 for 100,001 to 500,000 750 for 2,000,001 to 2,500,000 

——On-the-job post-tensioning 450 for 500,001 to 1,000,000 850 for 2,500,001 to 3,000,000 

: - ae 550 for 1,000,001 to 1,500,000 950 for 3,000,001 to 3,500,000 
__.On-the-job pretensioning 


$100 additional for each additional $500,000 
__Precasting ——Design 


(_}] ASSOCIATE (related business). Membership Dues: $250.00 annually. 


| am in the business of: — 


(] PROFESSIONAL (registered architect or engineer). Membership Dues: $25.00 annually. 
| ho!d Certificate No of the State of____ 


(] AFFILIATE (non-professional personnel). Membership Dues: $15.00 annually. 
(] JUNIOR (limited to architects and engineers in training). Membership Dues $15.00 annually. 


(_] STUDENT (limited to students of accredited schools of architecture or engineering). 
Name of School 


Membership Dues: $10 annually. Outside continental U.S.A. including Canada: $12 annually. 


ACTIVE 
NAME OF COMPANY APPLYING FOR acsociATE MEMBERSHIP - 


- ADDRESS ___ : 
n 
NAME OF REPRESENTATIVE IN INSTITUTE AFFAIRS _ 
a APPLICANTS FOR PROFESSIONAL, AFFILIATE, JUNIOR AND STUDENT MEM- 
th BERS PLEASE FILL IN BELOW: 
1g 
u- YOUR MAILING. ADDRESS. 
on 
COMPANY AFFILIATION. POSITION 
cal DOES COMPANY MANUFACTURE PRESTRESSED CONCRETE?___ 


Make no payment until application is approved. Dues will be prorated from 
April 1 for all classifications. 
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Past President Peter J. Verna presented a bronze plaque to Col. Martin P. 
Korn at the Fifth Annual PCI Convention. This plaque symbolized the 
establishment of the annual Martin P. Korn Award. 


The Martin P. Korn Award of the Prestressed Concrete Institute was established 
at its Fifth Annual Convention at Miami Beach in honor of Martin P. Korn, first Executive 
Secretary of the Institute. This Award will be presented annually to the author of the 
best paper published in the PCI JOURNAL. 


COMPETITION RULES 


I Competition for the Martin P. Korn Award is restricted to members of the Institute. 


Il The Award consists of $100.00 in cash, with an appropriate engraved certificate. 
In case of more than one author, the cash will be divided, but each will receive a 
certificate. 


III All original papers presented to the Institute by members in any grade, and published 
in the JOURNAL during the year for which the Award is given, are open to the 
Award provided that such papers have not been previously contributed in whole 
or in part to any other associations, nor have appeared in print prior to their 
publication by the Institute. Papers written jointly by members and non-members 
are not eligible. Papers to be considered for this year’s Award are those that appear 
in the December 1960, March, June and September 1961 issues. 


IV The Award, with certificate, is awarded to the author, or authors of a paper which 
shall be judged worthy of special commendation for its merit as a contribution to 
the advancement of prestressed concrete. The ceremony conferring the Award will 
be held at the 1961 PCI Convention in Denver, Colorado, Oct. 15-19. 
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3400 ITEMS 316 PAGES 
1500 ILLUSTRATIONS 


ASTM and AASHO:° 
REFERENCE INDEX 


SOILS © CONCRETE 
AGGREGATES 
BITUMINOUS MATERIALS 
MOBILE TESTING 
LABORATORIES 
DRILLING AND SAMPLING 
GENERAL LABORATORY 
EQUIPMENT 


4711 West North Avenue 
Chicago 39, Illinois - 


December, 1960 


INDEX TO ADVERTISING 


Colorado Fuel & Iron Corp. ............ 6 


Food Machinery & Chemical Co. 


Laclede Steel Co. ......... ahh 4 
Lone Star Cement Corp. ... 7 


Master Builders Co. ..... 
Piant City Steel Corp. ... 
John A, Roebling’s Sons 


.2nd cover 


4th cover 


Sika Chemical Corp. .. . .54-55 
Sonoco Products Co. ... 2 


CONCRETE 


TESTERS 


The world’s finest low- 


cost prectston testers. 


For 
CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 


If it's a concrete tester 
you need—get in touch 


FORNEY ’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, 
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PRINT IN BINDING & 


PRESTWESSEO CONCRETE INSTITUTE \ 


CURRENT PCI PUBLICATIONS 


Title Number 


SPECIFICATIONS FOR PRETENSIONED PRESTRESSED CONCRETE SPC-100-571 
(Tentative 4 pages — 35c per copy 


STANDARD PRESTRESSED CONCRETE BEAMS FOR HIGHWAY BRIDGE SPANS STD-101-57 
30 FT. TO 100 FT. Prepared by Joint Committee AASHO and PCI. 1 sheet — 30c per copy 


SPECIFICATIONS FOR POST-TENSIONED PRESTRESSED CONCRETE SPC-102-58T 
(Tentative) 4 pages — 35c per copy 


PCI STANDARDS FOR PRESTRESSED CONCRETE PLANTS (Tentative) STD-103-58T 
12 pages in covers — $1.00 per copy (50c to PCl Members) 


UNDERWRITERS’ LABORATORIES, INC. REPORT R-4123-1. R-104-58 
May 12, 1958 — PRECAST FLOOR OR ROOF DOUBLE TEE SLAB 
24 pages in covers — $2.00 per copy ($1.00 to PC! Members) 


TYPICAL PRESTRESSED CONCRETE PRODUCTS STD-105-58 
20 pages in covers — 10c per copy 


PROCEEDINGS FOURTH ANNUAL CONVENTION PRESTRESSED CONCRETE PRO-106-59 
INSTITUTE 1958. 162 pages in covers — $5.00 per copy ($2.50 to PCI Members) 


STANDARD PRESTRESSED BOX BEAMS FOR HIGHWAY BRIDGE SPANS STD-107-59 
TO 103 FT. Prepared by Joint Committee AASHO and PCI. 1 sheet — 30c per copy 


STANDARD PRESTRESSED CONCRETE SLABS FOR HIGHWAY BRIDGE SPANS STD-108-59 
TO 55 FT. Prepared by Joint Committee AASHO and PCI. 1 sheet — 30c per copy 


INSPECTION OF PRESTRESSED CONCRETE. Revised Edition. $1.00 per copy INS-109-60 
(50c to PCI Members) 


Subscription to PCI Journal at $6.00 per year (4 issues) 


Back copies of PCI Journal available to PCI Members at $1.00 per issue 
and $2.00 to non-Members 


Subscription to PCltems at $2.50 per year (12 issues) 


PCI Membership Directory at $10.00 per copy ($1.00 to PCI Members) 


Orders for all PCI Publications should be addressed to 


PUBLICATION OFFICE 
PRESTRESSED CONCRETE INSTITUTE 
205 West Wacker Drive, Chicago 6, Ill. 


Check or money order should accompany order and be made payable to: 


PRESTRESSED CONCRETE INSTITUTE 
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longer service 


Time is what you save when you cast pre- 
stressed members with FMC’s new line 
of steel forms for 1960. Time in terms of faster 
stripping, faster resetting and fewer man hours 
per job. FMC has introduced many refinements 
to the pioneer line of steel forms, refinements 
that make them now, more than ever, the way 
to cast—ai a profit. New form-lock for fast and 
perfect alignment, and new tilt back-designed 
forms for quick product removal are only a few 
of the features that make Form-Crete forms 
your best bet. Clip the coupon and get the full 
story from your local Form-Crete man now! 


= [ RETE 


FASTER THAN 


ew 1960 Form-Crete steel forms feature easier stripping, more handling speed, 


EVER BEFOR 


FOOD MACHINERY AND CHEMICAL CORPORATION 
Form-Crete Department - Lakeland, Florida Fc 


Gentlemen: Please send me your latest catalog on Form-Crete forms. 


STATE 


Putting Ideas to Work 


Form -Crete Department 


FOOO MACHINERY 
AND CHEMICAL 
CORPORATION ® 


General Sales Offices: Lakeland, Florida 
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FOR USE with any acceptable 


inal 


type of prestressing in cur- 
rent practice, the Form-Crete 
Bridge Beam form complies 
with joint P.C.1.-AASHO-rec- 
ommendations. Form lengths 
N 10 foot sections, combina- 
‘ons up to 60 feet. 


HOLLOW PILINGS are easily 
cast in these octagonal piling 
forms by use of tubing and 
piling headers. Unique tilt 
back design permits fast, easy 
product removal, cleaning and 
oiling of forms. 


CHANNEL FORMS, with pat- 
ented form-locks, which allow 
sides to flex for quick and easy 
removal of product. Self-con- 
tained channel understruc- 
ture insures extra rigidity and 
strength in this outstanding 
form. 


FORM-CRETE LEDGER BEAM 
FORMS provide fast, accurate 
casting of roof support beams. 
Riser blocks can be employed 
to vary depth of beam; forms 
are lock-up type with rein- 
forced self aligning pilot liners. 


pre-casting on a mass producti 
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Aerial view of bridge. Note railroad siding built expressly for handling bridge beams. As work progressed, river 
was diverted and siding laid over dry bed. Bridge designed by the Nebraska State Department of Roads. John 
Hossack, Acting State Engineer; G. C. Strobel, Assistant Acting State Engineer; Art Dederman, Bridge Engi- 


neer; Contractor, 


Massman Construction Company, 


meneet City, Missouri. Prestressed concrete 


members by Nebraska Prestressed Concrete Company, Lincoln, Nebrask: 


LOW BIDDER USES PRESTRESSED CONCRETE 
FOR MAJOR BRIDGE PROJECT 


Massman Construction Company, the 
general contractor with the lowest bid, 
elected to furnish prestressed concrete 
girders rather than the structural steel 
alternate for the Platte River Bridge 
near Ashland, Nebraska. 


Piers and abutments are supported on 
31,000 linear feet of 14-in. octagonal pre- 
stressed concrete piles with lengths of 
65 to 95 ft. 


The 168 precast prestressed I-beams each 
110 ft. long are AASHO-PCI Type IV 
with 7 in. of concrete added to the top 
flange giving a depth of 5 ft. 1 in. Each 
beam has 24 straight %4-in. diameter pre- 
tensioned strands and 36 parabolic %-in. 
diameter post-tensioned strands. The 
parabolic strands are post-tensioned in 
three groups of 12 each and anchored 


with a newly developed Freyssinet an- 
chor fitting. 


Because Roebling has long been active in 
fostering this method throughout the 
country, we have gathered a wealth of 
material and experience dealing with 
every phase of prestressed concrete. This 
includes design data, information on ten- 
sioning materials, fabricating methods 
and, of course, the manufacture of the 
finest prestressing strand available. For 
any information on prestressed concrete, 
contact Roebling’s Construction Mate- 
rials Division, Trenton 2, New Jersey. 


ROEBLING 


Branch Offices in Principal Cities 
John A. Roebling’s Sons Division 
The Colorado Fuel and Iron Corporation 
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